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The Chromo anticline is located in southeastern 
Archuleta County, Colorado and northern Rio Arriba County, 
New Mexico, immediately southwest of the San Juan Mountains.
The anticline is northwesterly-trending, is asymmetric to 
the northeast, and has over I4.OO feet of closure „ It is 
part of the Archuleta anticlinorium, a narrow, complex belt 
of folds and faults which forms the northeastern flank of 
the San Juan basin. Faults associated with the anticline 
are small and were formed at the time of folding.
The sedimentary section is 1500 feet thick on the 
apex of the anticline and at least 3500 feet thick on the
flanks. The oldest formation known to be present is the 
Upper Jurassic Entrada sandstone„ All older sedimentary
rocks were removed during pre-Entrada uplift of the 
Archuleta anticlinoriumo Paleozoic and lower Mesozoic
formations may be present in the subsurface near the west
1
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edge of the mapped area. The Pennsylvanian section may be 
truncated, or overlapped by Permian-Triassic formations. 
Subsurface formations are s Upper Jurassic Entrada sand­
stone, Todilto limestone, and Morrison formation? and Upper 
Cretaceous Dakota sandstone and Graneros, Greenhorn, and
lower shale members of the Mancos shale.
The surface sedimentary section is made up of i 
Juana Lopez - Niobrara (undivided) member, and upper shale
member of the Mancos shale, the Mesaverde formation, and 
the Lewis shale, all Upper Cretaceous„ Fossil evidence 
indicates that the oldest outcrops represent the Juana 
Lopez member of the Mancos shale0 Quaternary alluvium 
and terrace gravels are found along the major drainages,
and Quaternary volcanic landslide debris covers Lewis shale 
along the northeastern edge of the area® Two lamprophyre 
dikes, the easternmost of the Archuleta dike swarm, are
also exposed.
The Mesaverde. formation was measured on the northeast
flank of the anticline where it is 2 feet thick. The 
formation is not divisible into any of the members recog­
nizable elsewhere in the San Juan basin® The absence of 
continental beds and the presence of glauconite throughout the 
section indicate that the Mesaverde formation at the Chromo 
anticline is entirely m a r i n e T h r e e  miles south of the
ii
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mapped area, at Monero, New Mexico, the Mesaverde section 
contains 100 feet of continental beds. Therefore, it is 
believed that the shoreline of the Late Cretaceous sea,
during Mesaverde deposition, reached a point of maximum 
regression between Monero, New Mexico, and the Colorado -
New Mexico boundary.
Many exploratory wells have been drilled for oil on 
the Chromo anticline. The Chromo field, located on the
northwest plunge of the anticline, has produced about 
1 0 0 ,0 0 0 barrels of oil during the last ten years from the 
Juana Lopez and Greenhorn members of the Mancos shale a 
Oil is trapped in fractures associated with faulting®
Wells on the anticline outside the Chromo field have yielded 
oil shows from every subsurface formation® An undrilled, 
southwesterly-plunging nose on the southwest flank of the 
anticline (Secs, llj., 15, 22 and 23, T® 32 N., R, IE.) 
provides a possibility for entrapment of oil under hydro-
dynamic conditions.
There are also possibilities for accumulations of 
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This study was undertaken as an investigation of the 
stratigraphy and structure of the Chromo anticline. The
area was mapped in detail and a geologic map was prepared 
(PI, 1). In addition to the geologic map, a structure con­
tour map on the top of the Dakota sandstone was prepared 
from available subsurface information and surface elevations„ 
The main interest In the Chromo anticline is its petro­
leum possibilities. A small quantity of oil has been pro­
duced from the Mancos shale on the northwest plunge of the 
structure (PI. 2). Deep tests over the structure have 
yielded shows of oil and gas in every subsurface formation 
(Wood, jet. al., 19U8), but no commercial production has 
been found below the Mancos shale.
Location and Accessibility
The Chromo anticline is located in southeastern Archu­
leta County, Colorado and northern Rio Arriba County, New
1
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Mexico. The area mapped and described in this report covers 
approximately 85 square miles in T. 32 and 33 No, Ro 1 W.,
1 E 0, and 2 E., Colorado, and T. 32 No, R 0 1 W Q and 1 E.,
New Mexico (Fig. 1, p » ij. ) . Township numbering is based on 
the New Mexico Principal Meridian. The area is in the 
southeast part of the U. S. G-eological Survey quadrangle
Summitville 3, Colorado, and in the northeast part of the 
Lumberton quadrangle, Colorado and New Mexico.
The area is easily accessible by means of paved U. S. 
highway 8i|_. The highway crosses the area from northwest to
southeast following the crest of the Chromo anticline. A 
gravel surfaced road crosses the anticline in an east-west 
direction along the Navajo River, and another parallels 
the west edge of the area. In addition to these roads, 
there are many ranch, logging, and well site access roads.
Some of these can be traveled by a passenger car in dry 
weather but most would require the use of a jeep or small
truck.
G-e omor pho 1 ogy
The mapped area lies along the eastern margin of the 
Colorado Plateau physiographic province as outlined by
Fenneman (1931, fig. 101, p. 275). It is within a narrow 
belt of mesas and homoclinal ridges paralleling the south­
west flank of the San Juan Mountains. The uplift of the
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San Juan Mountains has exposed the upturned edges of the 
flanking sedimentary rocks to erosion0 Many narrow, steep­
sided canyons, tributary to the San Juan River, cut through 
this belt. The Continental Divide, about 10 miles east of 
the Chromo anticline, has a general north-south trend in
southern Colorado. The average elevation within the mapped 
area is about 7̂ 4-00 feet. The Continental Divide rises to 
elevations of 12,760 feet at Banded Peak and 12,027 feet 
at Chama Peak. Navajo Peak (11,330 feet) and V Mountain 
(1 0 ,7 1 5 feet) lie about I4. miles northeast of the mapped 
area. ( Pig. 3, P- 8 )•
The topography of the area reflects the structure and 
lithology of the outcropping formations. The resistant
Mesaverde formation is exposed on the flanks of the anti­
cline and forms a narrow hogback along the east flank 
(Fig. 3) P «  8  ) and a broad, gentle, dip-slope on the west
flank (Plo 1). The Mancos shale is exposed in a broad anti­
clinal valley and forms low, rolling, vegetation-covered 
hills (Fig. 3} p - 8  ). Where the Mancos is overlain by
gently-dipping Mesaverde sandstones, steep slopes are 
formed. The Lewis shale forms flat or rolling, sage- 
covered plains.
The Navajo River, which has its source at the Conti­
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tributary of the San Juan River. The Navajo River and the 
Little Navajo River breach the Chromo anticline, flowing 
westward across the axis. No structural control for this
pattern was observed in the field, and it is believed that 
the drainage was superposed on the underlying structure. 
Remnants of a gravel-covered terrace were observed along 
the Navajo and Little Navajo Rivers. The terrace was formed
during Pleistocene Durango glaciation (Atwood and Mather, 
1932, p. 131-132). The largest of these remnants is along
the Little Navajo, extending from the point where the river 
crosses the Mesaverde outcrop to the junction of the Little
Navajo and Navajo Rivers (PI. 1). Scattered smaller rem­
nants are found downstream from this junction, along the
Navajo River. The terrace remnants are from 100 to 200
feet above the present river bed. Elevations taken on the
*
surface of different remnants indicate that they all belong 
to a single terrace.
Landslide debris covers a large area surrounding Navajo 
Peak and V Mountain. The surface of this deposit, which is 
hummocky and dotted with small lakes, slopes to the south 
and southwest from the base of these peaks (Pigs. 3 and
p. 8 ). The landslide debris covers the north and north­
east edges of the mapped area. It is made up of volcanic
material derived from Navajo Peak. The resistant volcanic
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material overlying the soft Lewis shale provided one of the 
factors favorable to landslide activity. This, combined
with oversteepening of the slopes by Pleistocene glaciation, 
caused the landslide activity of the San Juan region (Atwood
and Mather, 1932, p. l6 0 )o
The landslide debris extends into the mapped area as
far as the Mesaverde hogback on the east flank, and as far
south as the Navajo River. The fact that the Navajo River
flows along the margin of the landslide deposit, and the 
existence of the large terrace remnant along the Little
Navajo River suggests the possibility that the major drain­
age across the anticline was once along the course of the 
Little Navajo. During this time the terrace was formed. 
Later landslide activity caused a major diversion of drain­
age to the site of the Navajo River.
Previous Work
Early investigations of the San Juan region were con­
ducted in the l870?s by F, M. Endlich, W. Ho Holmes, and 
A. Co Peale. Their work was published as a part of the Hay­
den Survey reports. In 190$, F 0 Go Schrader conducted a 
reconnaissance survey of the coal resources between Durango,
Colorado and Monero, New Mexico, and in 1907* J« Ho Gardner 
prepared a more detailed map of the same area.
Cross and Larsen published a review of the San Juan
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Figure 3° View of part of the Chromo anticline looking 
northeast across the crest % showing anticlinal valley 
of Mancos shale in foreground, Mesaverde hogback (A) 
along northeast flank, gently-sloping landslide debris 
behind Mesaverde hogback and at base of Navajo Peak (B) 
and V Mountain (C)| Continental Divide is along skyline 
at righto Photograph taken from Sec„ 9, To 32 No, R 0 1 
Eo, facing northeast0
Figure i|o Landslide debris (A) sloping away from base 
of Navajo Peak (B). Navajo River flows from right 
to left at base of low hills of Lewis shale in fore­
ground o Photograph taken from Sec„ 7, T o  32 N o ,  R 0 2 
Eo, facing north-northeast0
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region in 1935? and in 1956 Larsen and Cross described the 
igneous rocks of the region in more detail. In 1914-8, Wood, 
Kelley, and MacAlpin published an Oil and Gas Investigation 
Preliminary Map of the southern part of Archuleta County. 
Wengerd, in 1954, published a structure contour map of the 
Chromo oil field.
Stoddard (195?) mapped an area of approximately 100 
square miles adjoining the Chromo anticline to the west.
Field and Laboratory Procedures
The field Investigations for this study were carried
out during approximately seven weeks in the summer of 1 9 5 6. 
Mapping was done on U. S. Forest Service air photographs
(scales 1 inch = 3300 feet), and U. S. Geological Survey 
air photographs (scales 1 inch = 3100 feet). The map infor­
mation was later transferred to a base map prepared from 
IJ. S. Soil Conservation Service Planimetric Maps, Colorado 
429 and New Mexico 9« The section of Mesaverde formation 
was measured with a tape and Brunton compass.
Surface elevations for preparation of the structure 
contour map were taken at the base of the cliff-forming
sandstone of the Mesaverde formation with a Paulin surveying 
altimeter. Additional surface elevations were obtained from 
the Summitville 3 and Lumberton topographic maps. The thick­
ness from the base of the cliff-forming sandstone to the
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top of the Dakota sandstone was determined from the electric 
log of the No. 1 P. C. Crowley well, in Sec. 8 , T. 32 N .,
R. 2 E. (well location No. 73? PI • 2).
Representative samples of the formations exposed were 
collected and described in the field, and examined under the
binocular microscope in the laboratory. Samples from the 
measured section of the Mesaverde formation were analyzed 
for carbonate percentage, grain size, quartz-feldspar per­
centage, and composition and relative abundance of heavy
minerals. Thin-sections of these samples, and of the two 
igneous dikes in the area were also described.
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SEDIMENTARY ROCKS
The sedimentary section of the Chromo anticline com­
prises rocks ranging in age from Late Jurassic to Quaternary
(Fig. 5, p .13 ) . The stratigraphic section is 1500 feet 
thick at the apex of the anticline and at least 3500 feet
thick on the flanks (PI„ 2 )«
Pre-Jurassic rocks are present in the Piedra Canyon 
where they are truncated by an angular unconformity (Read, 
etc alo, 19i4-9 )o A well in sec o 5* To 33 No, Ro 2 W«, 12
miles northwest of the mapped area, penetrated 2I4.OO feet of
Permian and Triassic rocks, and bottomed in the Permian0 
This thickness was determined from the electric log of the
well. A sample log of a well in sec. 33, T. 28 N., R. IE.,
25 miles south of the area, shows 2800 feet of Pennsylvan­
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•NONCONFORMITY'
Precambrian Quartz-rich granitic rocks.
Figure '5°
The subsurface formations found on the Chromo anti- 
cline ares the Entrada sandstone, the Todilto limestone,
the Morrison formation, the Dakota sandstone, and the lower 
part of the Mancos shale„ Their ages range from Late Juras 
sic to Late Cretaceous.
It is possible that pre-Entrada formations may be pre­
sent on the flanks of the Chromo anticline, however, this 
cannot be determined at present because of'the lack of sub­
surface data.
Entrada Sandstone
The Entrada sandstone, of Late Jurassic age (Imlay, 
1952, p. 962-96Ij.), is the oldest formation on the Chromo 
anticlineo Five wells in the mapped area penetrate the 
Entrada, four of which bottom in the Precambrian (wells nos 
36? 59, 6 7, 73, and 7 6, PIo 2)o Subsurface information is 
available on three of these wells, and indicates that the 
Entrada is lying on Precambrian on and near the crest of 
the anticline. In the Phillips No. 1 Crowley well (loca­
tion n o o 67), sec. 13, T. 32 N o ,  R. IE., near the crest of 
the anticline, the Entrada is 200 feet thick. The Cameron 
No. 1 Bramwell well (location no. 59), sec. 9, T. 32 N.,
R. 1 E., penetrates 327 feet of Entrada on the west flank.
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The Butler No. 1 Crowley well (location no, 73)> sec. 8, To 
32 No, Ro 2 Eo, penetrates 380 feet of, and bottoms in, the 
Entrada on the east flank» This thinning over the crest of 
the anticline might be accounted for by thinning of Entrada 
sediments over a resistant granite ridge during deposition.
A similar thinning is shown in the Piedra Canyon as the En­
trada overlaps the Paleozoic section onto the Precambrian 
(Read, ejt. stl, 19lj-9)e
The Entrada is described by Wood, e_t. aJ. (1914-3 ) as,
” o . ■ .buff-, gray-, or white-mottled, massively crossbedded 
and cliff-forming sandstone , , . The sand grains are com­
monly round or sub-round, frosted, fine to coarse, and ce­
mented by calcium carbonate, iron carbonate, and clay,”
Baker, ^t, al.j (1936 and 19U7) and Harshbarger, et, 
al,, (1 9 5?) discuss in detail the characteristics of the 
Entrada sandstone0
Todilto Limestone
Conformably overlying the Entrada sandstone is a 100- 
foot thick sequence of gypsum with some limestone and shale.
This unit, the Late Jurassic Todilto limestone, can be cor­
related throughout the San Juan basin.
Wood, e_t. al. (I9I4-8 ) and Read, ejt. aJ. (1914-9) use the
name s Pony Express limestone, or member1 of the Wanakah 
formation for this unit. This terminology has been used
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along the south flank of the San Juan Mountains. However, 
Wood, ejto al. (191+8) are uncertain of the correlation of the 
Wanakah formation on the Chromo anticline. Because of this 
uncertainty, and because the gypsum and limestone unit is 
readily recognizable and widely distributed (Harshbarger, 
et. al., 1957, P* 38-39), the name Todilto limestone is 
used in this paper.
The thickness of the Todilto is uniform over the Ghromo
ranticline. A thickness of 100 feet is also indicated in the
♦
well 12 miles northwest bf the mapped area.
Read> etc al. (191+9) describe the Todilto in the Piedra 
Canyon as, M. 9 othin to papery laminated, dark-gray, fetid, 
bituminous limestone . . .This is often overlain by about 
30 feet of massive gypsum or gypsum and limestone breccia 
which is also bituminous. Dark, viscid residues of bitumens 
are sufficient to form vertical plates one fourth inch or 
more in thickness along joints in the limestone. In the gyp­
sum and limestone breccia which overlies the bedded lime­
stone similar bituminous material occurs in solution cavi­
ties . ”
Harshbarger, ejt. al. (1957, P* 38-39) discuss in detail 




Lying conformably over the Todilto limestone is a sue-
cession of interbedded* gray limestone; green,gray,and red 
shale; and white.sandstone approximately 700 feet thick.
The lowermost 65 feet* made up of limestone* is referred to 
as the Wanakah formation by Wood, ejt. al, (191+8** Craig, 
et o al. (1955s P- 137-138) indicate that the lower portion 
of the Morrison formation becomes a claystone and limestone 
facies along the northeastern flank of the San Juan basin. 
Therefore, the entire succession from the top of the Todilto 
limestone to the base of the Dakota sandstone is referred 
to as the Upper Jurassic Morrison formation*
Harshbarger, ert. silo (1957? P° 5?) make the following
statement regarding the upper contact of the Morrison forma­
tion’. ”Where the Jurassic rocks are overlain by -the Burro 
Canyon formation, the contact is extremely arbitrary, and 
no indication of a break in sedimentation can be found* 
Therefore, the upper boundary of the Brushy Basin member of 
the Morrison is questionable, and the time boundary between 
the Cretaceous and Jurassic periods cannot be precisely 
located.” Furthermore, Young (1958) states that marine 
faunas suggest that most, if not all, basal Cretaceous de­
posits of the Colorado Plateau are early Late Cretaceous. 
These relationships suggest that the upper part of the
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Morrison formation could be Early Cretaceous in age.
The Morrison formation is subdivided into four members
west of the Chromo anticline (Craig, ejt. al. , 1955s p°135” 
160)® Since the mapped area lies near the eastern limit of
recognition of the various members, no subdivision was made 
on the basis of available subsurface information.
Harshbarger, e t a alo (1957? P° 51-57) and Craig, ejt. al.
(1955s P° 135-160) give detailed discussions of the subdi­
visions, facies relationships, and characteristics of the 
Morrison formation0
Dakota Sandstone
The Dakota sandstone overlies the Morrison formation 
with apparent disconformity in southern Archuleta County 
(Wood, et. al., 19l}-8). It is generally considered to be of 
Late Cretaceous age in the San Juan basin (Bozanic, 1955? 
p„ 91). Subsurface information from wells which penetrate 
the Dakota section indicate that it is 200 to 220 feet thick 
over the Chromo anticline.
A section measured by the writer and R. R. Stoddard in 
September, 1956, (Stoddard, 1957* P« i|2-l_|.7 and 131-llUi.) con- 
sisted. of a lower sandstone unit 101 feet thick, a middle 
shale unit 50 feet thick, and an upper sandstone unit 20 
feet thicks a total of 171 feet. The lower and upper units 
are light brown, fine- to very fine-grained, quartzose
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sandstoneo The shale unit is dark gray* sandy, and calcare- 
ous. This section is located in the SE-J, see. 36, T. 35 N., 
R. 2 about 12 miles northwest of the mapped area. In
the G-ramp.ls oil field, 8 miles, northekst of the 'Chromo anti­
cline, the thickness of the Dakota averages 210 feet (Wald-
schmidt, 191+6, p. 56k) •
.. Carter (1957) and Simmons (1957) describe the Lower 
Cretaceous Burro Canyon formation beneath the Dakota sand­
stone in western Colorado» Neither Wood, et n ale (19k$) nor 
Dane (19I4-8 ) raap Lower Cretaceous rocks in southern Archuleta 
County or Kio Arriba County,, None of the characteristics of 
the Burro Canyon - Dakota contact were observed at the base 
of the section measured, therefore, Lower Cretaceous rocks 
are believed to be absent in the mapped area. Detailed stu­
dies of the Morrison - Dakota outcrops along the north and 
east flanks of the San Juan basin, extending Carterffs and 
Simmonss work, would be necessary to confirm or deny this 
belief.
Bozanic (1955* P- 69 and 91) discusses the relationships 
of the Dakota sandstone in the San Juan basin.
Maneos Shale
Conformably overlying the Dakota sandstone Is 1900 feet 
of dark gray marine shale with a few thin zones of dark gray 
limestone. The upper 1500 feet of this section is exposed
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on the Chromo anticline and is discussed under surface 
stratigraphy (p.21 to p. 28 ) 0 The Graneros shale member, 
(Greenhorn limestone member, lower shale member, and lower 
part of the Juana Lopez member of the Maneos shale occupy 
the lower lj_00 feet of the section, and can be recognized on 
electric and sample logs in the area. Formational names 
of .the Colorado group are assigned member rank and are used 
throughout the San Juan basin (Bozanic, 1955, p. 91).
The Graneros shale member is about 150 feet thick on 
the Chromo anticline. It is composed of dark gray to black 
shale, sandy near the base, with some limestone concretions 
near the top (Dane, 19l\.Q)P The Graneros thins to about I4.0 
feet in the western part of the San Juan basin (Bozanic,
1955, P* 89).
The Greenhorn limestone member, lj.0 feet thick, Is com­
posed of interbedded gray, fossiliferous limestone and 
calcareous shale. The base of the Greenhorn is probably 
the best Cretaceous time line in the San Juan basin (Bozanic, 
1955, P» 91).
The lower shale member, 170 feet thick, is composed of 
dark gray calcareous shale. The lower shale combined with 
the overlying Juana Lopez represent the Carlile shale inter­
val o
Only the lower lj_0 feet of the Juana Lopez member Is
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not exposed'on the Chromo anticline«
Surface Stratigraphy
The Mancos shale, Mesaverde formation, and Lewis shale 
outcrop within the mapped area. All are of Late Cretaceous 
age. Quaternary alluvium and terrace gravels were mapped 
along the stream valleys, and Quaternary landslide deposits
cover the northeast edge of the area. The Mancos shale out­
crop is subdivided into two mappable members. These ares 
the Juana Lopez - Niobrara (undivided) member and the Upper 
shale member (PI. 1 )«
The following formations, overlying the Lewis shale, 
outcrop on the flanks of Archuleta Mesa, 2 miles west of the 
mapped areas the Pictured Cliffs sandstone and Kirtland 
shale - Fru^tland formation (undivided) of Late Cretaceous 
age, and the Animas formation of Late Cretaceous and Terti­
ary age (Wood, et^0 al., 1914-8 ). The same sequence is also 
found in the Flutter Mountains 2 miles northwest of the 
mapped area (Stoddard, 1957)- Archuleta Mesa is capped by
an augite andesite sill (Wood, et;. al*> 191+8).
The Dakota sandstone outcrops 12 miles northwest (Wood, 
et. al., 19I4-8 ) and 9 miles south (Dane, 191+8) of the mapped 
area. The Paleozoic and Mesozoic sections are exposed in 
the Pie dr a Canyon (Head, et. al,, 191+9) and in the Nacimiento
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Mountains of northern Sandoval County, New Mexico (Wood and 
Northrop, 19^6). Muehlberger (1957) reports an outcrop of 
Pennsylvanian rocks 18 miles southeast of the mapped area, 
near Chama, New Mexico (Fig. 11, p. 50 ).
Mancos Shale
The Mancos shale outcrops along the crest of the Chromo 
anticline, and occupies a broad anticlinal valley. Expo­
sures are poor except along some drainages and in road cuts« 
There is no complete section of Mancos shale exposed within 
the mapped area. The nearest section to the northwest is 
illustrated by Wood, ejfco al. (19i]-8 ) 0 A complete section is 
also exposed 12 miles south of the area near Horse Lake 
(Dane, 19lf8) *
Subdivisions . In the mapped area the Mancos shale 
outcrop is divided into two memberss the Juana Lopez - Nio­
brara (undivided) and the upper shale. This division was 
made on the basis of lithology and faunal evidence. The 
contact cannot be traced in the field because of soil cover, 
however, a soil color and vegetation change can be traced 
and was mapped on air photographs.
Nomenclature. The Mancos shale was first described 
and named by Cross (1899, P° 4)° The type section Is along
the Mancos River near the town of Mancos, Colorado, in eas­
tern Montezuma County? Formational names of the Colorado
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group (Graneros shale, Greenhorn limestone, Carlile shale, 
and Niobrara formation) have been extended to the San Juan 
basin and assigned member ranko The Mancos shale includes 
an upper shale member of Montana age between the Niobrara 
and the overlying Mesaverde (Bozanic, 1955s P° 91)• The use 
of Colorado group names is based on lithologic similarity 
as well as paleontologic evidence.
The interval represented by the Carlile shale is divi­
ded into two members by Bozanic (1955? p. 91). These ares
the lower shale member and the overlying Juana Lopez member 
of Rankin (19^? P« 12). The Juana Lopez member has also 
been referred to as the Sanastee (Bozanic, 1955? P« '91)-
This name is apparently used by oil operators and geologists 
in the San Juan basin, however, the interval has not been 
defined in the literature.
The Juana Lopez and Niobrara members were not divided 
in the mapped area because of similar lithologies, and are 
mapped (PI. 1) as Juana Lopez - Niobrara (undivided).
Lithology and Thickness. The Mancos shale in the 
mapped area is composed primarily of dark gray to black, 
calcareous, sandy shale, which weathers silver-gray (Pig. 6 , 
p. 25)* Beds up to 1 foot thick, of dark gray and tan, 
finely-erystalline (less than 1 mm), fossiliferous limestone,
interbedded with dark gray, calcareous shale, are exposed
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in a road cut in seco 2l±, T* 32 No, R* IE*, Colorado, near 
the apex of the anticline* Based on paleontologic evidence 
(p0 26 ) these limestones belong to the Juana Lopez member 
of the Mancos shale* Sample logs on field wells in the 
Chromo field show a sequence of calcareous sandstone, shale,
and limestone, 110 feet thick, underlying the Niobrara mem­
ber. The lithology, stratigraphic position, and thickness 
of this sequence are characteristic of the Juana Lopez as
described by Bozanic (1955, p. 91). The outcrop described
probably represents the upper 20 or 30 feet of the Juana 
Lopez,,*
Overlying the Juana Lopez is a sequence of dark gray, 
calcareous shales, with a few thin (1 foot) beds of dark 
gray argillaceous limestone near the base* This sequence 
is assigned to the Niobrara member on the basis of lithology, 
stratigraphic position, and paleontologic evidence* The 
electric log of the No* 1 Crowley well, sec* 8, T* 32 N*,
R* 2 E*, indicates a thickness of approximately I4.50 feet
r
for the Niobrara.
The calcareous shales of the Niobrara member grade 
upward into the gray and light brownish-gray, sandy shales 
of the upper shale member. The upper shale becomes more 
silty and sandy near the top of the section, and near the 
base of the Mesaverde formation some thin (less than 1 foot)
i
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Figure 6 « Exposure of Mancos shale in road cut 
along U. S» Highway 8I4.0 Photograph taken in 
sec o 19, T. 32 Nl, Ro 2 E., facing northeast.
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sandstone beds’are developed* The upper shale is approxi­
mately 950 feet thick in the No. 1 Crowley, well 0
The total thickness of the Mancos shale in the mapped
area is about 1900 feet. The upper 1500 feet (approximately) 
of this section is exposed. The Graneros shale, Greenhorn 
limestone, and the lower part of the Juana Lopez member 
occupy the lower I4.OO feet of the Mancos shale in the mapped 
area o
Nature of Formation Contacts, The Dakota - Mancos 
contact is conformable and gradational in northwestern New 
Mexico (Sears, et. al., 19l|ls p* 108) . In the measured sec­
tion of Dakota sandstone, sec. 36, T, 35 N., R. 2 W.s the 
contact is not well exposed, but If It is gradational, the
zone .of change is only a few feet thick. Electric logs of
wells on the Chromo anticline show a sharp resistivity curve 
deflection at the contact.
The Mancos - Mesaverde contact is conformable and gra- 
dational? the sandy shales of the Mancos grade upward into 
the sandstones of the Mesaverde. Contacts between all the 
members of the Mancos are gradational.
Paleontology. Specimens of Scaphites warreni, Meek and
Hayden, Inoceramus dimidius, White, and Baculites besairiei, 
Collignon (?), (W. A. Cobban, personal communication) were 
collected from the outcrop of thin limestone in sec. 2I|_,
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To 32 N.j Ro 1 E., Colorado o Inoceramus sp» were found in a 
road cut in the upper part of the Niobrara member, about 
1000 feet below the Mesaverde contact. This locality is in 
sec, 2?s T» 33 No, Ro 1 E 0
The fauna of the Mancos shale have been divided into 
six groups by Reeside (192!+, p, 10-12). These ares the
Greenhorn, Carlile, Niobrara, Telegraph Creek, Eagle, and 
Pierre faunas„ He also mentions the existence of an addi­
tional fauna below the Greenhorn, which he did not observe.
The collection from sec o 2ip, To 32 N., R, IE., Colo­
rado, represents part of the Carlile fauna. The Inoceramus 
from sec„ 27, T. 33 N,, R. 1 E., is a Niobrara form (W. A.
Cobban, personal communication)o
Age and Correlation0 The age of the Mancos shale cor­
responds with that of the Colorado group and the early part 
of the Montana group (Pike, p. 23~25> and Reeside,. 192i|., p. 
13). Hie oldest rocks outcropping on the Chromo anticline 
are those of the Juana Lopez member. The fossils collected
from the Juana Lopez occur through a very limited vertical 
range near the top of the Carlile, and form the best hori­
zon marker in the Mancos shale. This unit should probably 
be correlated with the Ferron sandstone of east-central 
Utah. (Pike, 19i|7, P° 22-23) .
The only other evidence for establishing the age of
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the Mancos shale in the mapped area is the occurrence of 
Inoceramus sp„ (Niobrara form) 1000 feet below the Mesaverde 
contact o The Colorado - Montana boundary is 1+35 feet beloxtf 
the top of the Mancos on the San Juan River in New Mexico 
(Pike, 191+75 p. 23), and is 1000 feet below the top of the 
Mancos on the Animas River in southwestern Colorado» The 
contact between the Mancos shale and the Mesaverde formation
becomes older from the Animas River southward across the San 
Juan basin (Reeside, 1921+, p., 13) • This Indicates that all, 
or nearly all, of the upper 950 feet of Mancos shale in the 
mapped area is of Montana age 0
Environment of Deposition«, The Mancos shale was de­
posited as marine muds and limy muds at some distance from 
the shoreline of the Late Cretaceous;, ssa. The shoreline 
transgressed and regressed across the southwestern part of
the San Juan basin during deposition of the Mancos shale in 
the mapped area (Pike, 191+7, fig- 7, P° 91+) ° Tiie environ­
ment of deposition was probably neritie (Stearns, 1953, P° 
9 7 3 ) with variations in the depth and possibly rate of supply
of detritus accounting for the deposition of thin limestones 
and sandstones. As the sea regressed to the northeast the ̂ c
shales became more silty and sandy, grading into the Mesa­
verde sandstones deposited near the shoreline.
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Mesaverde Formation
The Mesaverde formation outcrops on the flanks of the 
Chromo anticline, and forms a narrow hogback on the east 
flank and a broad dip-slope on the west flank. A section of
the Mesaverde formation (Fig. 7? P* 30 and Fig. 8 , p.30a) 
was measured in the SE-J-, sec. 27* T. 33 N., R. I E .  A de­
tailed description of this section is given on p.91 .
Nomenclature. The name ”Mesa Verde” was applied by 
Holmes (1877, p. 21+1+) to a sequence of sandstone, coal beds, 
and sandstone forming the Mesa Verde in Montezuma County, 
Colorado. These divisions were later named by Collier (1919, 
p. 292), in ascending order, the Point Lookout sandstone, 
the Menefee formation, and the Cliff House sandstone, of the 
Me saverde group.
The continental beds of the Menefee formation are ab­
sent in the mapped area. The sandstones present are not
divisible into mappable units, therefore the Mesaverde is
. . . .  ; ...
referred to as a formation rather than a group.
Lithology and Thickness. The Mesaverde formation ex­
posed on the Chromo anticline is composed of a 250-foot 
thick sequence of interbedded sandstone and shale (Fig. 7,
p. 30 and Fig. 8 , p.30a). Results of laboratory studies 
of the sandstone units are described in the Appendix, p „ 91+ 
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in Table 1, p.33 .
The sandstones are feldspathic to arkosic. The per­
centage of total feldspar, determined by staining (Gabriel 
and Cox, 1929, p- 290-292), ranges from 18 to 33 per cento 
The uppermost and lowermost sandstones contain 18 and 22 
per cent feldspar, respectively, and are feldspathic. The
intervening sandstones contain about 30 per cent feldspar, 
and are arkosic (Table 1)„ Silica grains are mostly quartz 
with some chert. The grains are subangular and pitted, with 
some of the feldspar showing cleavage faces. Median diame­
ters are all within the very fine sand size range, however, 
the uppermost sandstone is very silty with about 1+5 per cent 
silt and clay size particles. Sorting coefficients(So) are 
fairly uniform and range from 1„15> to 1.25 (Table 1) «, Values
for the sorting coefficients indicate that the sandstones 
are well sorted sediments»
The sandstones are light gray to light brownish-gray.
On weathered surfaces the color is buff to reddish-brown 
due to limonite staining.
The carbonate content of the sandstones decreases from 
1+3 per cent in the lowermost unit to 11 per cent in the
uppermost unit (Table 1). The intervening sandstones average 
about 20 per cent carbonate. These percentages are probably 
somewhat low in all the sandstones except the lowermost.
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The outcrops are deeply weathered and some of the carbonate 
has probably been leached„ A fresh sample was collected 
from the lowermost unit, however.
All the sandstone units contain a trace of glauconite.
The heavy mineral suite is composed of garnet, colorless 
to pale pink| tourmaline (var. 1 )9pleochroic from dark brown
to dark green; tourmaline (var.2 ), pleochroic from dark 
blue to pink; zircon (var. 1 ), euhedral; zircon (var. 2 ), 
equidimensional; magnetite; and hematite. The suite is
fairly uniform throughout the section. Grains of brown to 
green tourmaline are rounded and broken, and a few grains of 
zircon are rounded,indicating that part of the sands were 
derived from a reworked sedimentary source.
The shale units are gray to light brownish-gray, silty, 
sandy, and laminated. Very thin stringers of very fine­
grained sandstone, showing some irregular bedding, are scat- 
tered throughout the shale units. Flakes of carbonaceous 
material are scattered along the bedding planes of these 
sandstones. Traces of glauconite were observed in the sand­
stone stringers from all the shale units.
Ripple-marked surfaces are present throughout the sec­
tion .
The thickness of the Mesaverde is fairly uniform over 
the mapped area, but increases to the south and west outside
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TABULAR SUMMARY OF SEDIMENTARY PETROGRAPHY




Unit Carbonate % Md(mm) So Quartz % Felds]
9 11 0 .0 6 2 I 0I8 82 18
7 15 0 .0 8 0 1 .1 8 73 27
5 22 0 .0 8 0 1 .2 3 70 30
3 (u) 22 0 o080 1.25 67 33
3 (1 ) 22 0 .0 9 0 1.25 70 30
1 k3 0.083 1.15 78 22
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the area (Dane, 19^8 and Wood, et» al», 19i^8)o At Monero,
New Mexico, three miles south of the mapped area (Fig, 1, 
p 0 I4.), the Mesaverde is divisible into three members 2 the 
upper and lower marine sandstones and the intervening conti­
nental beds, similar to the sequence of the type section. 
Coals in the continental section at Monero have an aggregate 
thickness of about 50 feet, (Dane, 19i(-8). Four miles north 
of Monero, in the Mesaverde cliffs along the southern edge 
of the mapped area, these coals are absent„
Nature of Formation Contacts. The lower and upper con­
tacts of the Mesaverde formation are conformable and grada­
tional o The contacts were arbitrarily chosen at the lower­
most and uppermost thick sandstone beds (Figo 7? P° 30)»
The contacts are also difficult to determine from subsurface 
information as indicated by the electric log of the No<, 1 
Crowley well in sec» 8 , To 32 No, Ro 2 E o
Paleontology. Specimens of Halymenites majort Les- 
quereux, (R. J. Weimer, personal communication) were found 
on a ripple marked surface in sec. 36, T. 33 N., R. 1 W Q, 
along the bank of Coyote Creek. Fragments of what may be 
Halymenites major Lesquereux, were also found in the measured 
section, but no positive identification could be made.
No other fossils were found in the Mesaverde formation 
within the mapped area.
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Age and Correlation«, The lower beds of the Mesaverde 
group are of early Carlile age in the southwestern part of 
the San Juan basin (Pike, 19l{-7, P° 25) $ and are of Niobrara 
age to the southeast near Santa Pe (Stearns, 1953> P* 972- 
973)° The base of the Mesaverde becomes progressively 
younger to the north until the formation is entirely of 
Montana age in the northern part of the basin (Reeside, 192l±9 
p. 16 and Pike, 19k-7 f P- 96-97)-
Since the Mesaverde section in the mapped area does not 
show the typical sequence of lower marine sandstone, middle 
continental beds, and upper marine sandstone, it cannot be 
directly correlated with any of the formations of the Mesa­
verde group throughout the rest of the San Juan basine Bo­
zanic (1955, fig° 1, P° 96) illustrates the relationships 
of the various divisions of the Mesaverde group in the San 
Juan basino A few miles northeast of Pagosa Springs the 
Mesaverde formation pinches out and the Mancos and Lewis 
shales merge (Wood, ejt. _alo, 19li8)o
Environment of Deposition., The entire Mesaverde sec­
tion on the Chromo anticline is of marine origin as indica­
ted by the presence of glauconite throughout the section.
It was probably deposited in a neritic environment shallow 
enough for wave action to sort and distribute the sands and
muds. The presence of carbonaceous flakes in the marine
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sands suggests that the rate of deposition was rapid.
Lewis Shale
The Lewis shale crops out around the flanks of the 
Chromo anticline. Exposures are poor except in road cuts 
and along streams. Along the northeast flank of the anti­
cline landslide debris covers the formation«,
Only the lower few hundred feet of the Lewis is exposed
in the mapped area. Wood, e t . al., (19l|8) illustrate sec­
tions measured along the San Juan River in T. 33 N., R. 2 W., 
and south of Piedra Canyon.
Nomenclature. The Lewis shale was named for exposures
of sandy shales and clays near Fort Lewis in La Plata County, 
Colorado, by Cross (1899a, p. Ip). The name has been applied
to marine shales above the Mesaverde in the San Juan basin 
and as far north as Wyoming (Reeside, 192ip, p.16).
Lithology and Thickness. The Lewis shale is dark gray 
to black shale, which weathers to light gray. The lower one 
or two hundred feet is sandy and contains thin (1 foot) beds 
of tan fine-grained sandstone. Thin zones of concretionary, 
calcareous shale are found above the sandy shales, with some 
septarian nodules. The concretions are buff to rust-colored 
due to a heavy limonite coating. These zones could not be
traced in the field.
Isolated outcrops of dark brown, finely-crystalline
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(less than 1 mm), highly fossiliferous limestone were found 
a few hundred feet above the Mesaverde contact. The outcrops 
were 8 to 10 feet across and coated with limonite „ These 
are probably associated with the concretionary zones„
The Lewis shale outcrops are very similar in appearance
to the Mancos outcrops (Figo 9, P ° 39 and Fig. 6, p.25 ). 
Lewis outcrops may be identified by the presence of concre­
tionary zones, faunal evidence, and stratigraphic position.
Only the lower few hundred feet of Lewis shale is ex­
posed in the map area. Wood, ejt. al. (191+8) report 2I4.OO feet
of Lewis in southern Archuleta County, and Dane (191+8) re­
ports 2000 feet in northern Rio Arriba County. Electric log 
cross sections show rapid thinning to the southwest in the
San Juan basin because of facies changes (Bozanic, 1955* P°
99 and pi. Ill) .
Nature of Formation Contacts. The Mesaverde - Lewis 
contact is one of gradual change from sandstone to shale.
The uppermost thick sandstone bed of the Mesaverde was ar­
bitrarily chosen as the contact in the mapped area. Stod­
dard (1 9 5 7* p. 5 8 ) reports a similar gradational contact 
with the overlying Pictured Cliffs sandstone immediately 
west of the mapped area.
Paleontology. Two outcrops of highly fossiliferous 
limestone yielded specimens of Baculites obtusus ,Cobban,
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(W. A. Cobban, personal communication) . These outcrops are 
located in sec. 26, T. 33 N., R. 1 Wo, Colorado, and sec. lij., 
To 32 N., R. 1 Wo, New Mexico„ The fossils of the Lewis 
shale are listed by Reeside (19214-, p. 17) who says that many 
characteristic Pierre species range through its entire thick­
ness o
Some fish scales were also found in the dark gray shales.
Age and Correlation» According to Pike (1914-7> P° 12), 
the Lewis shale is equivalent in age to the middle and upper 
parts of the Pierre. The specimen of Baculites obtusus, 
Cobban, found in the lower part of the Lewis indicates equiv­
alency in age to the Pierre.
The lower part of the Lewis in the northern San Juan 
basin is probably the time equivalent of the upper Mesaverde 
to the south (Reeside, I92I4., p. 18) . The upper part of the 
Lewis in the northeastern San Juan basin is probably equiva­
lent in time to at least part of the overlying Pictured Cliffs 
sandstone to the southwest (Bozanic, 1955* P° 107)» Although 
the name Lewis shale has been applied outside the San Juan 
basin, the exact relationships are not well known (Reeside, 
1922j., p. 18),
Environment of Deposition. The Lewis is a marine 
shale probably deposited in a neritic environment. It re­
presents the offshore marine muds deposited during the final
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Figure 9. Exposure of Lewis shale in road cut 
along U. S. Highway 8I4.. Photograph taken 
in sec. 28. T. 33 N., R. IE., facing north.
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transgression of the Cretaceous sea in the San Juan basin 
region (Pike, 19I4.7 » P« 97) •
The Lewis and Mancos shales are very similar in li tho- 
logy and represent deposition under similar conditions.
Quaternary Deposits
Terrace graveIs. Scattered terrace remnants were 
mapped along the Navajo and Little Navajo Rivers* These 
remnants are from 100 to 200 feet above the present river 
bed, and are covered with a veneer of gravel as much as ten 
feet thick* The gravels are composed primarily of rounded 
volcanic fragments of pebble through boulder size* Atwood 
and Mather (1932, p * 131-132) identify these terrace gravels, 
by analogy with other valleys, as glacial outwash deposits 
related to Pleistocene Durango glaciation„
Alluvium* Alluvial material is found in the valleys
along the rivers and major drainage lines. It consists of 
igneous rock fragments, primarily volcanic, and some local­
ly derived sedimentary rocks. The particle size ranges from 
silt to boulder. The rocks from pebble through boulder
size are rounded.
Part of the alluvium along the Navajo River is mapped
as Wisconsin glacial outwash by Atwood and Mather (1932, p.
1) .
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Landslide Debris. Deposits of landslide material are 
found along the northeast edge of the mapped area overlying 
the Lewis shale. The surface of the landslide deposit slopes 
gently away from the base of Navajo Peak and V Mountain 
(Fig. 3, P*8 )• On air photographs and topographic maps the
landslide deposits can be seen to spread south and southwest 
from these two peaks in an irregular fan-shaped pattern»
The debris is made up of igneous and volcanic material 
ranging from rock flour to boulders as much as six feet across 
(Fig. 10, p. lj.2) . The source for these deposits was the vol­
canic and igneous material of Navajo Peak and V Mountain 
(Wood, ejt. al*> 191+-8).
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Figure 10« Landslide debris made up of igneous 
and volcanic rock fragments * Photograph ta­
ken in sec. 21, To 33 N., Ro IE., facing 
north.
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IGNEOUS AND METAMORPHIC ROCKS
Precambrian
Pour wells within the mapped area are reported to have 
reached Precambrian rocks at depths ranging from 1510 feet 
to 2l|.35> feet. The well is sec, 9, T. 32 N., R. 1 E., Colo­
rado, (no. 59, PI. 2) on the west flank of the Chromo anti­
cline was reported as a test to granite. The electric log 
of this well indicates Precambrian rocks at a depth of 21̂ 35 
feet. The well in sec. 13, T* 32 N., R. 1 E., Colorado,
(no. 67, PI. 2) near the crest of the anticline reported 
quartz-rich granitic rocks at a depth of 1510 feet (P. A. F. 
Berry, personal communication). The type of Precambrian 
rocks encountered in the other two wells is not known. The
available information indicates that the Chromo anticline 
is underlain by Precambrian rocks of granitic composition. 
Other wells on the Archuleta anticlinorium within 15 miles 
north and south of the Chromo anticline encounter granite
U3
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at depths of 1300 to 2000 feet (Wood, e_t° al«, 191+8 and Dane, 
191+8) .
Outcrops of Precambrian rocks, both Igneous and meta- 
morphic, are found 35 miles northwest of the mapped area in 
the Piedra Canyon and further to the northwest in the San 
Juan Mountains (Fig* 11, p°50 )» These outcrops are described 
in detail by Larsen and Cross (1956 , p o l 6 - 3 9 ) »  Outcrops of 
Precambrian quartzite occur to the southeast in the Brazos 
uplift. The Precambrian of the Nacimiento and San Pedro 
Mountains of New Mexico is composed of granite, gneiss, 
schist, and quartzite (Wood and Northrop, 191^.6).
Tertiary
Two igneous dikes are exposed within the mapped area.
They strike about No 15° Eo and dip 80° west. One, in sec.
19, To 33 No, R. 1 Eo, cuts the Mesaverde formation and 
Lewis shale, and extends about three miles north of the area
(Wood, erto al., 191+8) «, The dike Is 6 to 8 feet thick, and 
the shales are baked hard for a few feet on either side0 
In hand specimen the dike Is dark greenish-black and aphani- 
tico The thin-section description (p. 112 ) of this dike 
indicates that it is an altered kersantite, a type of 
lamprophyre.
The second dike, in sec. 27, T. 33 N., R. 1 E., cuts 
the Maneos shale and terminates against the Mesaverde hog­
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back. It is about one-half mile long. The field relation­
ships and hand specimen appearance are the same for both 
dikes. The thin-section description (p. 113) o f this dike 
indicates that it is an altered biotite lamprophyre.
These dikes represent the easternmost limit of the 
Archuleta dike swarm (Pig. 11, p°58 )- Larsen and Cross 
(1 9 5 6, p. 2 3 1-2 3 6 ) have described other lamprophyre and
diabase dikes in the San Juan region.
Other Tertiary intrusive and extrusive rocks occur 
within a few miles of the mapped area. V Mountain, to the 
northeast, is a stock of diorite and quartz diorite. It is 
overlain by the andesitic volcanic material of the Chalk 
Mountains and Navajo Peak. Two miles west of the area Is an 
augite andesite sill, 300 feet thick, that caps Archuleta
Mesa. The Animas formation is intruded by the sill which 
Is believed to be the same age as the V Mountain stock. 
(Wood, at. jal«, 191^8). Chromo Peak, just beyond the south­
eastern corner of the area, is a volcanic neck made up of an 
agglomerate of augite andesite (Dane, I9I4-8 ) »
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STRUCTURAL GEOLOGY
The structural development of the Chromo anticline is 
related to the structural history of the Colorado Plateau. 
During the Laramide orogeny\the Colorado Plateau was only
slightly deformed in comparison with more Intense orogenic 
movements in surrounding areas. The Chromo anticline lies 
along the eastern margin of this relatively stable and un­
deformed block. The regional structural features of the 
northeastern part of the San Juan basin are shown in Figure 
11, p. 50 .
Regional Structural Features
The Chromo anticline lies within a narrow, structu­
rally complex belt of folds and faults which forms the 
northeastern flank of the San Juan basin. This belt, 
known as the Archuleta anticlinoriura (Wood, ej;. al., 19l|8), 
forms a low structural divide between the San Juan basin 
and the Chama basin to the northeast.
1̂ 6
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The Archuleta anticlinorium is a northward continuation, 
along the eastern flank of the San Juan basin, of the Naci- 
miento uplift„ The trend of the anticlinorium is north- 
south in New Mexico, but changes to northwesterly in Archu­
leta County, Colorado. The anticlinorium parallels the 
southwest flank of the San Juan Mountains in Colorado and
terminates against the San Juan dome (Kelley, 1955>a, Fig. 
p. 23)• The faults and the fold axes generally follow this
trend, but there are many transverse structures.
Just west of the mapped area is the main body of the
Archuleta dike swarm, which transects the anticlinorium 
south of Pagosa Springs. The swarm is nearly 1$ miles wide 
and extends southward from Pagosa Springs for a distance of 
60 mileso Individual dikes are as much as 10 miles long 
(Stoddard, 1957? P° 79) <> They strike between N= 10° E,, 
and No l±5° E., and are vertical, or nearly so (Wood, e_t„ al „, 
191+8) • The dikes range in thickness from 1 foot to nearly 
30 feet (Dane, 19ij-8) • The dikes in the mapped area are the 
easternmost members of the dike swarm.
The Chama basin is a long, narrow, structural basin 
lying to the east of, and paralleling, the Archuleta anti­
clinorium - Nacimiento uplift trend (Kelley, 195>5>a, Fig. $,  
p. 23). It is bounded on the east by the Brazos uplift 
(Read, ejt. al., 191+9) • According to Wood, e t . al., (191+8)
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the Chama basin was depressed less than the San Juan basin, 
and Kelley (1955a, Fig. 2) indicates a structural relief of 
two to three thousand feet in the Chama basin compared with 
approximately 9000 feet of relief in the San Juan basin.
The Nacimiento uplift is a narrow linear uplift, com­
plexly folded and faulted, extending southward from the 
Archuleta anticlinorium (Wood and Northrop, 19ij-6) . The 
west flank is bounded by a steeply-dipping thrust fault 
which has moved Precambrian rocks basinward onto Cretaceous 
sediments (Eardley, 1951, p. 386)« The Nacimiento uplift 
was a typical monocline prior to thrusting, and passes into 
a monocline at its north end (Kelley, 1955^, Fig* 7)«
The San Juan Mountains form the eastern boundary of 
the Chama basin, the northeastern boundary of the Archuleta 
anticlinorium, and the northern boundary of the San Juan 
basino The uplift trends northwesterly, and is broadest 
at its northwest end, tapering gradually to a narrow range 
south of the New Mexico state line (Eardley, 1951, p* 386). 
The Uncompahgre uplift is a northwestward extension of the 
San Juap uplift.
The San Juan mountains are composed of Tertiary volean- 
ics which mask the underlying structure. Older igneous and 
sedimentary rocks are exposed in the western and northern 
parts and locally elsewhere. These rocks range in age from
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Precambrian to Tertiary (Larsen and Cross, 1956, p. 1)„ 
Eardley (1951, P» 386) states that the general Laramide 
structural development was probably one of doming, and that 
the San Juan uplift is more nearly related to Front Range 
structures than to the Colorado Plateau.
Larsen and Cross (1956) give a detailed discussion of 
the structural features in the San Juan Mountains.
The San Juan basin is a relatively shallow, roughly 
circular, structural basin lying mostly in northwestern 
New Mexico and partly in southwestern Colorado. It has a 
maximum structural relief of 18,000 feet relative to the 
San Juan dome to the north, and covers an area of 10,600 
square miles (Kelley, 1955a, P° 22) 0 The axis lies in nor­
thern New Mexico and roughly parallels the northern rim of 
the basin.
- The northwestern and northern rim of the basin is formed 
by the Hogback monocline made up of Mesozoic sediments (Kel­
ley, 1955b, Fig. 7). The Archuleta anticlinorium forms the 
northeast rim, with the Hogback monocline dissipated along
its length (Read, et. al., 19il9) . The Nacimiento uplift 
forms the east flank of the basin. The San Juan basin is 
bounded on the south and southwest by the Zuni uplift, and 
on the west by the Defiance uplift.
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Local Structural Features
Chromo Anticline. The Chromo anticline is the largest 
structural feature of the Archuleta anticlinorium. It is a 
northwesterly-trending, doubly-plunging anticline, asymmet­
ric to the northeast, with dips ranging from 3 0° to 55° on 
the northeast flank and averaging 5° on the southwest flank. 
Dips on the southwest flank are locally as high as lf?° due
to faulting and development of small, southwesterly-plunging 
noseso The southwest flank dips gently toward the San Juan 
basin, modified only by minor faulting along the west edge 
of, and beyond the mapped area. Subsurface data indicates 
that the sedimentary formations are fairly uniform in thick­
ness over the Chromo anticline. Subsurface stratigraphy is
discussed on p.l l± through p. 18 . The uniformity of thick­
ness of the formations Indicates that the folding process
Involved In the development of the Chromo anticline was 
flexure folding.
The trace of the crestal plane Is sinuous, and plunges 
approximately 3° to the northwest and less than 1° to the 
southeast. The crest is difficult to map because of poor 
exposures in the Mancos shale. The anticline has over lj_00 
feet of closure within the mapped area. The dips on the
flanks become flatter beyond the southeast edge of the 
mapped area, however, the exact extent of closure to the
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southeast is not known. The structure is masked by the 
volcanic neck of Chromo Peak just beyond the southeast edge
of the area (Dane, I9I4-8 ), and by forest cover.
The Coyote Park syncline forms the northern boundary of 
the Chromo anticline. Its axis trends east - west and plunges 
to the west. It is narrow at the eastern end and widens to
the west. The western boundary is formed by a north - south 
normal fault just beyond the edge of the mapped area (Stod­
dard, 1957, P* 101). The eastern extremity of the syncline
is covered by landslide deposits. The syncline is symmetri­
cal with dips from 1 0° to 3 0° on the flanks.
The Chama basin parallels the Chromo anticline, with
the synclinal axis about 2-g- miles northeast of the anticli­
nal axis (Kelley, 1955a, Fig. 2).
A northwesterly-trending and -plunging nose parallels 
the southern half of the Chromo anticline. It is relatively 
flat, and shows no closure in the mapped area. The axis
plunges less than 1°. This nose is probably a continuation 
of the Azotea anticline as mapped in Rio Arriba County by 
Dane (19l}-8). The syncline between the two anticlines is 
probably well-developed only in Rio Arriba County, south of 
the mapped area.
Faults. The faults in the mapped area are generally 
small. Displacements, where they can be observed, seem to
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Tall into two groups. The larger faults have displacements 
of 200 to 250 feet and the smaller associated faults have 
displacements of approximately 50 feet. One exception to 
this may be the fault along the western edge of the map in 
secs. 2, 11, and Ilf, T._ 32 N., R. 1 W. It continues beyond
the area of the map, and is believed by Stoddard (1957, p.
102) to have up to 800 feet of displacement. All the faults 
are normal and the dips, where they can be observed, are 
about 8^°. Displacements on the faults are probably dip 
slip, with little or no strike slip movement. This is sug­
gested by the small displacements and short fault traces.
Fault strikes are in two groups, essentially perpendi­
cular to each other. Most of the faults strike between N.
10° W. and N. 1̂ 00 W ., and are parallel to the anticlinal 
axis. The remaining faults strike about N. 65° E. and are 
perpendicular to the anticlinal axis. The fault at the nor­
thern edge of the mapped area does not follow these trends 
within the limits of the area, but it strikes approximately 
N. 14.0 ° W. beyond the northern edge of the area (Wood, et. al., 
1914-8) .
The two igneous dikes in the area are transverse to the
fault strikes. They strike about N.15>° E. and dip 80° wes­
terly.
There are several criteria by which faults may be recog-
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nized or inferred within the area. Most important, of course, 
are the exposures in the vertical Mesaverde sandstone cliffs 
(Pigs. 12 and 13* p. 55)* These sandstones also form promi­
nent eroded fault scarps (Fig- 13* p. 55)* The fault para­
lleling Coyote Creek on the west flank of the anticline 
offsets the drainage lines. These offsets can be seen on 
air photographs. Deposits of porous calcite containing an­
gular fragments of Mesaverde sandstone were found along the 
fault on the northwest flank, and the small faults along the 
eastern edge of the area offset the Mesaverde hogback. In­
ferred extensions of some recognizable faults were made on 
the basis of well data and observed dips. The faults are 
mapped with certainty only where they cut exposed Mesaverde 
sandstone. The deep soil cover and poor exposures in the 
shales make it very difficult to trace the faults beyond the 
Mesaverde outcrops.
Development of Structural Features
The present structural form of the Archuleta anticli­
norium is directly associated with the formation of the San 
Juan basin. Both are Laramide features, the Archuleta anti- 
clinorium forming the rim of the basin. An unusual feature 
of this part of the basin rim is that it is not backed by 
strong uplifts with exposed Precambrian cores, such as the 
San Juan uplift to the northwest and the Nacimiento uplift
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Figure 12. Faults in Mesaverde outcrop along south­
west flank of Chromo anticline near northwesterly- 
plunging nose. Photograph taken in sec. 10, T. 32 
N., R. 1 E., facing northwest, near and parallel 
to crest? looking along strike of faults.
Figure 13• Faults in Mesaverde outcrop near west edge 
of area. Eroded fault scarp on skyline. Navajo 
River flows from right to left along base of cliff. 
Photograph taken in sec. 13, T. 32 N., R. 1 W., 
facing north.
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to the south. Instead, it forms a low, structural divide 
between the San Juan basin and the Chama basin. The Chama 
basin is bounded on the east by the Brazos uplift.
The present Archuleta anticlinorium has been the site 
of repeated uplift throughout geologic time. The Uncompah- 
gre - San Luis highland was a positive element in this area 
during the Pennsylvanian and Permian (Bass, 191+1, P* 11). 
Uplifting recurred during the Triassic and again during the 
Jurassic prior to deposition of the Entrada sandstone (Read, 
et. al., 191+9). The final uplift took place during the Lara- 
mide orogeny, with the formation of the present Archuleta 
anticlinorium. The narrow belt of folding and faulting 
follows the site of persistent uplift dividing two deeper 
basins.
Eardley (1951, p. 393) describes the Colorado Plateau 
as, ” . . .  a resistant knot in the zone of Laramide defor­
mation, or in another aspect, as a piece of the central 
stable region of the continent severed from the main part by 
the Colorado and New Mexico Laramide belt, that escaped 
severe deformation." According to Kelley (1955a, P* 65 and 
Fig. 11), compressional directions may have been northeast - 
southwest, as well as east - west during the Laramide orogeny 
(Fig. 11, p. 50 ). The northeastward crowding of part of the 
Plateau against the San Juan and Nacimiento uplifts, combined
T-879 5?
with basinward crowding of these more mobile belts, probably 
caused the sagging of the San Juan basin, (Kelley, 1955a,
p» 67, 69, and 72) and formed the local folds of the Archu­
leta anticlinorium, such as the Chromo anticline, with axes 
parallel to the basin rim. As the basin subsided its cir­
cumference was shortened by the basinward crowding of the 
mobile belts. This shrinkage of the circumference, or 
basin rim, produced compressional forces tangential to the 
rim. These tangential forces probably formed the small 
structures which are transverse to the trend of the Archu­
leta anticlinorium.
The faults perpendicular to the axis of the Chromo 
anticline are probably extension joints (Billings, 195^, 
p. 117) along which movement has taken place. The faults 
parallel to the axis were probably formed by tension in the 
upwarped sediments, and were accentuated upon release of 
the compressional forces (Billings, 1954, P* 118).
Intrusion of the Archuleta dike swarm took place after 
development of the folds and faults of the Archuleta anti­
clinorium (Wood, ejb. al*, 191+3) . The trend of the dike 
swarm in the San Juan basin is transverse to the axis of
the Archuleta anticlinorium. The dikes may have been in­
truded along tension fractures produced by upward movement 
of the magma which served as the source for the dikes.
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The dikes trend more northeasterly where they intersect 
the Archuleta anticlinorium, and are essentially perpendi­
cular to the axes of the folds (Pig. 11, p. 50). This re­
lationship indicates that the dikes within the area of the 
Archuleta anticlinorium may have been intruded along frac­
tures produced during development of the folds. Offsets 
observed in the dikes outside the mapped area indicate that 
faulting, or recurrent movement on preexisting faults, took 
place after intrusion of the dikes.
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GEOLOGIC HISTORY
The geologic history of the San Juan region prior to 
the transgression of the Cretaceous sea is known only in its 
more general aspects. There are two reasons for this. First, 
the San Juan uplift, where outcrops of older sedimentary 
rocks might be expected, is largely covered by thick Tertiary
volcanic deposits. Second, because of prohibitive drilling 
depths, relatively few wells have been drilled to Precam­
brian or Paleozoic rocks throughout the San Juan basin.
Cretaceous outcrops are almost continuous around the
San Juan basin, and many wells penetrate Cretaceous rocks 
in the basin. The Cretaceous history has been studied and 
described in detail by Reeside (192i|), Sears, Hunt, and 
Hendricks (19lj-l), £Lnd Pike (19^7)- The subsurface relation­
ships in the San Juan basin have been described and reviewed 
by Bozanic (1955K
The Cenozoic history of the San Juan Mountains has
59
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been described by Atwood and Mather (1932) and by Larsen and 
Cross (1956)«
The first sedimentary record represented in the mapped 
area consists of the Jurassic Entrada sandstone., All earli­
er sediments, if deposited, have been removed by pre-Entrada 
erosion„
Precambrian
Events of the Precambrian can be inferred only from 
scattered evidence. Intrusion of granitic rocks took place 
several times. There is evidence of local volcanic activity, 
and several thousand feet of clastic sediments were deposited. 
All of these rocks are highly metamorphosed (^arsen and Cross, 
1956, p. 257)* Kelley (1955&, Fig. k- and p. 75) believes 
that the northeasterly foliation trends In the region pro­
bably indicate a similar trend of any Precambrian geosynclines« 
By the end of the Precambrian the area was reduced to a flat 
surface of low altitude (Larsen and Cross, 1956, p. 257)°
Paleozoic
In Late Cambrian or Early Ordovician the seas trans­
gressed from the west, depositing the Ignacio quartzite on 
the flat Precambrian surface (Rhodes and Fisher, 1957* P« 25lb ) * 
This formation Is 28 feet thick In the Piedra Canyon and
thickens to the west (Bass, 19l|i|) . Subsurface data indicate
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that the Ignacio is absent south and east of Pie dr a Canyon <> 
Events of the Middle and Late Ordovician, Silurian, and 
Early and Middle Devonian are not recorded in the San Juan 
region. The disconformable relationship between the Ignacio 
quartzite and the overlying Elbert formation indicates that 
the uplifting which took place was epeirogenic.
During Late Devonian the Elbert formation was deposited 
in western Colorado and northwestern Uew Mexico (Bass, 1944)- 
The Elbert is composed of limestone, sandstone, and red and 
green shales. The Ignacio - Elbert contact appears transi­
tional in the field (Read, aJ.o, 1949), but fossil evi­
dence indicates a disconformable contact (Rhodes and Fisher, 
^957, P® 2514)“ The Elbert is about 25 feet thick in the 
Piedra Canyon (Read, ej:. alo, 1949), but is absent 15 miles 
to the east (Wood, et.. al°, 194^) anc! along the west flank 
of the Archuleta antic linorium <>
The Late Devonian Ouray limestone was deposited confor­
mably on the Elbert formation. Its thickness in the Piedra 
Canyon is as much as 45 feet (Read, ejz. al., 1949)® The San 
Juan region was probably uplifted epeirogenically at the end 
of the Devonian. Read, et. al., (1949) report a slightly
undulating, disconformable contact with the overlying Lead- 
ville limestone.
During the Mississippian the region was again submerged,
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and the Leadville limestone was deposited. It is 100 feet 
thick in the Piedra Canyon (Read* etc ale, 1949) hut is ab­
sent to the south along the Archuleta anticlinorium0 Bur­
bank (1933, Fig. 12) indicates that no Mississippian rocks 
were deposited in south-central Colorado.
After deposition of the Leadville limestone the western 
part of the region was uplifted and subjected to erosion.
A karst topography was developed on the Leadville limestone 
surface (Elias, 1956, p. 23). Cave deposits were formed, 
consisting of irregular breccia bodies with interbedded red
shale, siltstone, and sandstone„ These deposits appear to 
be connected with the overlying Molas formation (Read, et, al.,
1949)9 The Molas formation, consisting of red shales, silt-
stone, and sandstone, was deposited before and during the 
initial transgression of the Pennsylvanian seaa It Is 125
feet thick in the Piedra Canyon (Read, <et 0 alo, 1949), and
Is present along the west flank of the Archuleta anticlino­
rium, Muehlberger (1957, P » 143 and Fig. 3) measured up to 
250 feet of Pennsylvanian rocks, overlying Precambrian, on 
the east flank of the Chama basin approximately 18 miles 
southeast of the mapped area. This section is lithologically
comparable to the Molas. In New Mexico the Molas equivalent 
is termed the Sandia formation (Read and Wood, 1947, P- 224). 
The Sandia formation overlies Precambrian rocks in the Naci-
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miento uplift (Wood and Northrop, 19^6) and at the southern 
end of the Archuleta anticlinorium.
As the Pennsylvanian sea deepened the Herraosa formation
was deposited conformably on the Molas* In the Piedra Can­
yon the Hermosa consists of about 1000 feet of limestone, 
calcareous shale, shale, sandstone, and arkose, with an in­
crease in elastics to the northeast. However, the Hermosa 
is truncated by pre-Entrada erosion within the 15-mile length 
of the canyon (Read, e_t. jal«, 19i|.9 )• The increase in elastics 
indicates a nearby source area to the northeast during depo­
sition of the Hermosa. According to Burbank (1933, P » 280-281 
and Pig. 13) & narrow highland was uplifted during the Penn­
sylvanian to supply these elasticso This uplift followed 
the Uncompahgre axis, passed to the northeast and east of 
the present San Juan Mountains, and to the south in the pre­
sent San Luis Valley (Burbank, 1933* Fig. 13* and Bass, 192j2+)» 
During deposition of the Hermosa, the Paradox evaporites 
were deposited in southwestern Colorado and southeastern
Utah (Elias, p. 23, 26, and Fig. 5)•
Wood and Northrop (192j-6) Indicate that Pennsylvanian 
sediments were not deposited on the crest of the Nacimiento 
uplift. They are present again between the Nacimiento up­
lift and the Archuleta anticlinorium (Read, ejt. al., 192+9) *
The sample log of a well in sec. 6, T. 28 N., R. 2 W., Rio
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Arriba County, shows over 1200 feet of Pennsylvanian rocks 
overlain by l8i4_0 feet of Permian„ Fifteen miles east, in
sec, 33, T. 28 N., R. 1 Eo, a well penetrated 390 feet of
Pennsylvanian section, overlain by 1920 feet of Permian *
Seven miles further east, in sec, 3» T. 2? N,s R. 2 E„ (un- 
surveyed), Jurassic Entrada sandstone overlies Precambrian 
rocks (Bass, 1914-14-) - These relationships indicate that Penn- 
sylvanian sediments may not have been deposited over the 
southern end of the Archuleta anticlinorium, and that the 
Permian section overlapped the Pennsylvanian in this area. 
This overlap may or may not have been destroyed by pre-En­
trada erosion, A similar overlap may have existed northeast 
of the Piedra Canyon before pre-Entrada erosion,
Pennsylvanian rocks may be present along the west edge 
of the mapped area, If not, they are probably present with­
in a few miles west of the area. There is not sufficient 
evidence to determine whether they are overlapped by Permian
rocks or truncated by pre-Entrada erosion.
Deposition continued into the Permian (?) and is repre­
sented by the Rico formation. It Is 185 feet thick in the 
Piedra Canyon, and interfingers with the underlying Hermosa
and overlying Cutler formations (Read, e t . a.1 , , 1914-9) •
Following the deposition of the Rico formation the San
Juan region was uplifted and the continental sediments of the
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Cutler formation were deposited« They are approximately 
85*0 feet thick in the Piedra Canyon, and overlap the Brazos 
uplift (Read, e t . al.,19U9).
Mesozoic
At the end of the Permian the western part of the San 
Juan region was uplifted, and the Triassic and Jurassic (?) 
Dolores formation was deposited over the truncated edge of 
the Cutler and Hermosa formations at Ouray (Larsen and Cross, 
1956, p. 2+8). In the Piedra Canyon, the continental Dolores 
formation disconf ormably overlies the Cutler <* The Dolores 
is, in part, equivalent to the Chinle formation of New Mexico 
(Read, e_ta al*, 192+9) • Evidence is inconclusive regarding 
the question of Chinle or Dolores overlap in the mapped areac 
However, a well in sec• 5# To 33 No, Ro 2 Wo, 12 miles west 
of the mapped area penetrated approximately 650 feet of Chinle 
and 1750 feet of Cutler, and bottomed in the Cutler„ Read, 
eto al. (191+9) report both Cutler and Chinle overlap on the 
Brazos uplift. It is possible that they overlapped the 
Chromo anticline and were removed by pre-Entrada erosion.
They may still be present along the margins of the mapped 
area.
Prior to the deposition of the Jurassic Entrada sand­
stone, the eastern part of the San Juan region of Colorado
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was uplifted, and erosion took place (Larsen and Cross, 1958, 
p. 258)o The present Archuleta anticlinorium was uplifted 
and erosion truncated all the pre-Entrada sedimentary rocks 
in the Piedra Canyon (Read, ert. al,, 19i+9), and eroded the 
area of the Chromo anticline to Precambrian rocks. In 
northwestern New Mexico the Entrada Is conformable or dis­
co nf ormable over the older rocks (Harshbarger, e_t. al., 1957s 
p. 37), and in the Nacimiento Mountains the Entrada overlies 
the Chinle with apparent conformity (Wood and Northrop, 19i|-6) .
Beginning with the deposition of the Entrada, the San 
Juan region was relatively stable with uniform sedimentation 
over wide areas. The Entrada was deposited over the San Juan 
region as alternating subaqueous and subaerial marginal marine 
sands (Craig, e_t. ad.., 1955, P° 132).
Conformably overlying the Entrada is the Todilto lime­
stone. The environment of deposition has been proposed as
/
abnormal marine or abnormal lacustrine. Harshbarger, et0 al«, 
(1957, P» 1|6) consider it to have been deposited in an ab­
normal marine gulf, high in hydrogen sulfide, calcium bicar­
bonate, and calcium sulfate, and connected to the normal sea 
in southeastern TJtah.
Following the withdrawal of the Todilto gulf the allu­
vial deposits of the Morrison formation were deposited. The 
Morrison consists of a series of coalescing alluvial deposits
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with, sources in west-central New Mexico and in west-central 
Arizona (Craig, et. al., 1955* P° l50)«
No record of Early Cretaceous events is found in the 
mapped area. During this time the area was above sea level, 
and subjected to erosion0
In the Late Cretaceous the seas spread over southwestern 
Colorado and northwestern New Mexico depositing the Dakota 
sandstone as an initial transgresslve sand. This initial 
transgression across southwestern Colorado was rapid, with 
the sea advancing from northeast to southwest. (Pike, 191̂ 7* 
and Fig. 7). Following the initial transgression, relatively 
stable, shallow marine conditions existed in the mapped area 
throughout the time of deposition of the Mancos shale „
Changes in depth and temporary fluctuations in the amount of 
clastic material carried into the area allowed deposition 
of thin limestones and sandstones of the Greenhorn and Juana 
Lopez.
While relatively stable, offshore marine conditions 
existed in the northeastern San Juan basin, alternating 
regressive sandstones, continental beds, and transgresslve 
sandstones were being deposited In the southwestern part of 
the basin as the shoreline migrated back and forth in that 
area (Pike, 19l|7* P* 93-96), and Bozanic, 1955* p. 93-97) •
In early Montana time the sea regressed across the San Juan
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basin, depositing the lower part of the Mesaverde group as a 
regressive shoreline sand, overlain by the onshore continen­
tal depositso
The entire section of Mesaverde sandstone measured in 
seco 27, T o  33 N o ,  R o  1 E o ,  represents deposition in a marine 
environment. At Monero, New Mexico, (sec. 7> T. 31 No, R.
1 Eo) , the Mesaverde contains about 100 feet of continental 
beds. The shoreline, at its maximum regression during Mesa­
verde deposition, reached a point somewhere between the mea­
sured section and Monero. This point was probably near the 
southern edge of the mapped area.
The sea again transgressed to the southwest, depositing 
the uppermost sandstone of the Mesaverde group along the 
shoreline. The Lewis shale was deposited as an offshore ma­
rine shale, under conditions similar to those existing during 
deposition of the Maneos shale„ The Pictured Cliffs sand­
stone represents the shoreline deposit of the final regres­
sion of the Cretaceous sea from the San Juan region (Pike, 
19i|_7, p. 97) » Following the final regression of the sea 
the area remained stable for a short time, and the conti­
nental deposits of the Kirtland shale and Fruitland formation 
were laid down.
Cenozoic
The first indications of the Laramide orogeny were felt
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duping latest Cretaceous• There was volcanic activity in the 
area of the San Juan Mountains° These eruptions supplied 
andesitic debris found in the Animas formation „ The lower 
part of the Animas is equivalent to the Kirtland - Fruitland, 
and the Cretaceous - Tertiary boundary lies within the Ani­
mas formation. (Wood, erfc. 19i|8).
Downwarping of the San Juan basin began in late Creta­
ceous and continued until late Eocene (Kelley, 1955a, p. 85). 
Maximum movement in the region took place during Eocene, 
with doming of as much as 1 5 ,0 0 0 feet elevating parts of the 
San Juan Mountains. Subsequent erosion reduced the uplifts 
to a relatively flat surface sloping to the west and south. 
Erosion was followed by uplift and deposition of continental 
conglomerates in Oligocene (?) or Early Miocene (Larsen and 
Cross, 1956, p 0 258-259)» Folding and faulting of the Archu­
leta anticlinorium took place during the Miocene, followed 
by intrusion of the Archuleta Mesa sill (Dane, 19iiB), and 
the Archuleta dike swarm (Wood, ejt. al., 19k-Q) . Minor faul­
ting followed the intrusion as indicated by offsetting of 
some of the dikes near the mapped area.
The volcanic material which forms the present San Juan 
Mountains was extruded during Miocene and Pliocene, and pro­
bably covered the entire southern part of Archuleta County
(Wood, ejb. al*, 19^8) . The volcanic neck of Chromo Peak
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was intruded during late Pliocene (Dane* 19ll8)o Late Plio 




The Chromo anticline is of Interest from the standpoint 
of petroleum possibilities for several reasons: (1 ) it is
a large structure with over 1̂ .00 feet of closure within the 
mapped area, (2 ) wells drilled on the anticline have had 
shows of oil and gas from every subsurface formation, (3 ) 
oil is produced from the Juana Lopez member of the Maneos 
shale in the Chromo field, (Ij.) the Grampffs field, 8 miles 
northeast of the Chromo anticline, produces oil from the 
Dakota sandstone, and (£) drilling would be shallow since 
the top of the Dakota sandstone is about 200 to 600 feet 
below the surface over the area of closure, and the Dakota- 
to-Precambrian section Is 1200 to 1500 feet thick.
Seventy-seven wells have been drilled In search of oil 
within the mapped area. Of these, all but five were drilled 
within the area of Maneos shale outcrop. Most of the wells 
were drilled by individuals, small companies, or local resi-
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dentso Many well locations and elevations were not surveyed, 
and well records were not maintained* The List of Wells,
(p. 107) is & compilation of all available information on 
wells within the mapped area.
Chromo Field. The Chromo field is located in sec. 33,
T. 33 N., R. 1 E. and sec. if, T. 32 N., R. IE., Archuleta 
County, Colorado. Forty-two wells have been drilled in these 
two sections (PI. 2), and of these, fifteen were indicated
as producing or capable of producing in 1957 (F. I. Pritchett, 
personal communication)• Initial production averages about 
5 barrels of oil per day.
The discovery well was drilled by M. J. Florance in
19lj-7° The field had produced 108,617 barrels of 32° API 
gravity oil by the end of 1957° Of this total, 5203 barrels 
were produced during 1 9 5 7 °
The field is located on the southwest flank of the anti­
cline near the northwesterly-plunging nose (PI. 2). There 
is no structural closure within the limits of the field and 
the entrapment is apparently related to fractures associated 
with the faulting observed in the Mesaverde outcrop along 
the west flank of the anticline (Wengerd and Gill, 1952, 
p. 107). Production from the No. 20 Fitzhugh well (no. if6 ,
PI. 2) was found in a fractured, non-porous sandstone and 
shale interval within the Mancos shale (F. I. Pritchett,
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personal communication). The well was located on the north- 
westerly- trending fault which passes through the northeast 
quarter of sec. Ij., To 32 No, R» I E *  These relationships 
support the idea that the production is from fractured zones 
related to faulting.
The producing interval is variable in thickness, ranging 
from 9 to 190 feet (Wengerd, 195U-, P« 119). According to 
Bozanic (1955* Chart 2, p. 106) production in the Chromo 
field is from the Juana Lopez and Greenhorn members of the 
Mancos shale, and from the Dakota sandstone. Sample logs 
from wells Nos. 19 and 20 Fitzhugh (nos. 30 and I4.6 respec­
tively, Plo2 ) show an interval of sandstone, shale, and 
limestone about 210 feet above the Greenhorn limestone«,
This interval is probably the Juana Lopez member«, Its thick­
ness is about 110 feet, which corresponds with the average 
thickness for the Juana Lopez reported by Bozanic (1955, P® 
91)o The same interval, 110 feet thick, is recognizable on 
the electric log of the well in sec. 8, T. 32 N., R. 2 E.
The upper limestone portion of the Juana Lopez is exposed 
at the apex of the anticline. Other wells have produced from 
fractures in the Greenhorn limestone. Although shows of oil 
have been obtained from many wells in the area which penetrate 
the Dakota sandstone, no commercial production has been
f ound.
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The limits of the producing area could probably be ex­
tended by drilling along trends of faults visible in the 
Mesaverde outcrop near the field„
The producing area has been developed by several differ­
ent operators, but the field is now owned by Great Western 
Drilling Company.
Drilling Outside Chromo Field» Thirty-five wells have 
been drilled outside the limits of the Chromo field. One 
of these (no. 72, PI. 2) is a producing well. It is located 
on the east flank of the anticline, east of the Mesaverde 
outcrop. The driller8s log of the well indicates that the 
producing horizon is the Juana Lopez, as in the Chromo field, 
however, no faulting was observed in relation to the location 
of this well. The well was completed in 1950* and had pro­
duced 6885 barrels of oil before being shut in during August,
1957° It is not known if production will be resumed. Ano­
ther well (no. 7 3 » P h  2 ) drilled less than mile away, 
was dry.
Most of the remaining wells were drilled near the Chro­
mo field, and on the east flank and crest near the apex of 
the anticline (PI. 2). Two wells from which subsurface data 
are available have tested the entire sedimentary section.
The well in NWj, sec. 9, T. 32 N., R. 1 E. (no. 59, PI. 2) 
encountered granite at 2ij.35 feet. The completion record of
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the well reports a show of oil and gas in the Greenhorn lime- 
stone o
The well in NW|, sec• 13, To 32 N., R 0 1 E. (no. 67,
PI. 2) encountered granite at 1510 feeto A sample log of 
this well shown by Wood, ejb . _al 0, (19i|8) indicates oil and 
gas shows in every subsurface formation0 Water was also 
indicated in the Dakota and Morrison formations, and in Pre- 
cambrian rocks. The well produces a strong flow of fresh, 
hot water with hydrogen sulfide fumes. The water contains 
1235 mg/l. total dissolved salts, and has a temperature of 
120F at the surface (F. A. F. Berry, personal communication). 
G-lobules of oil continually rise to the surface of the water. 
Other wells reported or known to produce water are nos. 13,
3k, 37, 38, 61, 65, 69, and 7 6, PI. 2.
Since these wells are flowing water the piezometric 
surface must be above the ground along the anticlinal crest 
and just southwest of the crest in the Chromo field. Wells 
penetrating the Dakota in the southern part of the field 
report water, but none was observed to be flowing. The piezo- 
metric surface would, in general, be expected to slope to 
the west or southwest toward the San Juan basin. If this 
surface has sufficient slope to the west or southwest, it 
is possible that oil may be trapped under hydrodynamic 
conditions in the nose mapped in secs. l!|, 1 5 , 2 2 , and 2 3 ,
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T o  32 N o ,  R o  1 E o  ( P l o  2)o A study of drill-stem test re­
sults of wells In the northeast part of the San Juan basin 
would be necessary to determine the configuration of the 
piezometric surface,
Reservoir Rocks„ Possible reservoir rocks would be 
the Entrada sandstone, the sandstones in the Morrison forma” 
tion, and the Dakota sandstone 0 The Entrada sandstone is 
200 to over 350 feet thick in the area. In addition to 
shows of oil on the Chromo anticline, Bass (19l|lj.) reports 
oil-saturated Entrada sandstone in a well in sec. 3, T. 27 
N., R. 2 E., Rio Arriba County, New Mexico. The Morrison 
formation is about 700 feet thick in the mapped area, with
a total sandstone thickness of about 200 to 250 feeto Shows
of oil and gas have been reported at several horizons within
the Morrisona (Wood, e_to aJ.», 1914-8 ) 0 The Dakota sandstone
Is 200 to 220 feet thick in the mapped area, with shows of 
oil and gas reported in many wells * In the GrampB s field,
8 miles northeast of the Chromo anticline, the Dakota sand­
stone is about 210 feet thick. Of this thickness, the lower 
150 feet is the main producing Interval (Waldschmidt, 191̂ 6, 
p. 569)* The Dakota has produced oil and gas from both 
stratigraphic and structural traps in many fields throughout 
the San Juan basin (Bozanic, 1955, Chart 2).
Source Rocks, There are several possible source beds
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or combinations of source beds for the oil in the Chromo 
anticlineo The Todilto limestone was deposited under condi­
tions favorable to the decay and preservation of organic 
matter (Harshbarger, et. al 0 s 1957? P - i+6 ) . Mood, etc al „ 
(I9i|8 ) report several shows in the well in sec, 1 3 ? To 32  
No, R 0 1 E 0 (no. 67? Rio 2), and abundant bituminous residue 
is reported at the outcrop in Piedra Ganyon by Read, et. al. 
(19i|9). The Todilto probably represents the best source 
rocks within the area. The Mancos shale consists of 1900 
feet of dark gray to black marine shale. The oil produced 
from the Juana Lopez and Greenhorn members in the Chromo 
field may have originated within the Mancos shale and con­
centrated in fractured zones. The oil may also have migra­
ted upward along fault zones from underlying formations.
The oil trapped in the Chromo anticline may also have 
originated in the Pennsylvanian rocks which are thought to 
be present to the west, or along the west edge, of the mapped 
area. If the Entrada sandstone overlaps the truncated edge 
of the Pennsylvanian section, the oil could have originated 
in the Pennsylvanian rocks, migrated up the regional dip on 
the east flank of the San Juan basin to the area of Entrada 
overlap, entered the Entrada, and continued updip to the 
Chromo anticline. Vertical migration could have taken place
along the faults west of, or in, the mapped area.
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Tlie igneous dikes of the Archuleta dike swarm have pro­
bably interfered with migration from the west* Some migra­
tion probably took place during uplift and formation of the 
structures of the basin rim, and before intrusion of the 
dikes, or sometime during the Miocene. Petroleum residues 
are reported in these dikes by Wood, et o al., (19̂ -8) and
Dane (19I4-8 ) „ The path of migration may also have been from 
the southwest in the area east of the dike swarm and west of 
the Archuleta anticlinorium. Another factor which would 
tend to oppose updip migration from the overlapped Penn­
sylvanian section is the direction of hydrodynamic gradient 
toward the southwest. This relationship opens the possibi­
lity of entrapment in noses plunging toward the basin.
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CONCLUSIONS
The Chromo anticline is a large, doubly-plunging struc­
ture, with over i|0 0 feet of closure within the mapped area. 
The crest plunges about 3° to the northwest and terminates 
against the steep, south flank of the Coyote Park syncline. 
The plunge to the southeast is less than 1°, and it probably 
continues to the southeast beyond the edge of the areac
There are many faults on the anticline, but they are 
small, and are associated with the structural development of 
the anticline, rather than being regional features * The 
faults on the west flank, near the edge of the area, are pro­
bably larger and may be related to regional faults of the 
Archuleta antlclinorium.
The sedimentary section is thin on the Chromo anti­
cline. Before deposition of the Entrada sandstone during 
Late Jurassic, the Archuleta anticlinorium was a positive 
area, probably narrow, and all pre-Entrada sedimentary rocks
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were eroded from its crest. It is possible that pre-Entrada 
formations are present near the west edge of the area. These 
may all be truncated by pre-Entrada erosion, or there may be 
Permian and/or Triassic overlap of Pennsylvanian formations„
The exposed sedimentary formations are all of Late 
Cretaceous agea Limestones and shales of the Juana Lopez 
member of the Mancos shale are the oldest rocks exposed in 
the mapped area.
The Mesaverde formation is 25k- f©©t thick on the north­
east flank of the anticline, near the northwesterly-plunging 
nose. The Mesaverde is not divisible into members recog­
nized elsewhere in the San Juan basine Field and laboratory 
studies of the measured section in sec. 2?> To 33 No, R« 1 
E., Indicate that the entire Mesaverde formation was deposited 
In a marine environment. Three miles south of the mapped 
area, at Monero, New Mexico, about 100 feet of continental 
beds were deposited between regressive and transgresslve 
marine sandstones of the Mesaverde. These relationships 
indicate that the shoreline of the Late Cretaceous sea, 
at its maximum regression (prior to a final transgression, 
and regression from the San Juan basin area), reached a point 
somewhere near the southwestern part of the mapped area,.
Many wells have been drilled on the Chromo anticline 
in search of oil. Some of the wells, on the east flank and
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crest, are flowing water.
Oil has been found, in small but commercial quantities,
in the Chromo field, near the northwesterly “-plunging nose 
of the anticlineo Production is from the calcareous sand­
stone of the Juana Lopez member and from the Greenhorn lime­
stone o There is no structural closure within the field, and 
the producing horizons are nonporous0 The permeability and 
traps are formed by fracturing of the producing horizons„
The fractures are associated with faults visible in the 
Mesaverde outcrops near the nose of the anticline„
There are several possible reservoir horizons below 
the Mancos shale. These ares the Dakota sandstone, the 
sandstones within the Morrison formation, and the Entrada 
sandstone. All have yielded shows of oil within the mapped 
area. Oil might have originated in the Mancos shale, the 
Todilto limestone, or in the Pennsylvanian Hermosa formation 
west of the area. If the Hermosa is the source, the oil mi­
grated into the Entrada sandstone at the area of possible 
Entrada overlap, west of the mapped area,
The southwesterly-plunging nose (secs, 11\.9 15>, 22, and 
23, T. 32 No, R. 1 Eo, Colorado) has apparently not been 
previously mapped, since no maps show it and no wells have 
been drilled on it. Good shows of oil and gas In wells on 
the crest of the anticline, combined with the possibility
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of a hydrodynamic gradient to the west or southwest, make 
this nose a drillable prospect. All possible reservoir rocks 
could probably be tested in 2000 to 2f?00 feet of drilling.
There are also possibilities for oil accumulation in the 
Pennsylvanian section just west of the area, either structu­
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STRATIG-RAPHIC SECTION OF MESAVERDE FORMATION
Section is in SEj, sec. 2?, T. 33 N., R. 1 E., in a 
roadcut on U. S. Highway 81j. (Fig. 8 , p.30a). Measured with 
Brunton and tape on 8 August, 1956, by C. D. Conley.
Lewis shale (Upper Cretaceous) Feet
Shale and Sandstone, interbedded, light brown­
ish-gray to gray, shale laminated, sandstone 
very thin-bedded? forms s l o p e ..........   . . 5
----Transitional--
Mesaverde formation (Upper Cretaceous)
Unit
9 Sandstone, feldspathic, light brownish-gray, 
very fine-grained (median diameter 0 . 0 6 2  
mm), well sorted, silty, calcareous (1 0$), 
thin-bedded? grains subangular, trace glau­
conite, limonite stain? arenaceous shale 
partings? weathers buff, forms slope . . .  7
8 Shale, light gray to light brownish-gray, silty, 
arenaceous, laminated? very thin-bedded 
irregular stringers of very fine-grained 
sandstone throughout? sandstone contains 
carbonaceous flakes and trace of glauconite? 
weathers light gray? forms slope . » . . . if.2
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Unit Feet
7 Sandstone, arkosic, light gray to light brown­
ish-gray, fine- to very fine-grained (me­
dian diameter 0 . 0 8  ram), well sorted, silty, 
calcareous (l5^)> thin-bedded, ripple marks at top and 6 ft below top, grains subangu­
lar , trace glauconite, limonite stain; ar­
enaceous shale partings; weathers buff; 
forms ledge  .........   17
6 Shale, gray, same as Unit 8 . . . . . . . .  . 8
5 Sandstone, arkosic, light gray to light brown­
ish-gray, fine- to very fine- grained (me­
dian diameter 0 . 0 8  mm), well sorted, silty, 
calcareous {22%), thin-bedded, ripple marks 
2 ft above base, grains subangular, trace 
glauconite, limonite stain; argillaceous 
sandstone stringers; weathers buff; forms 
ledge  .................   11
if. Shale, light gray to light brownish-gray, are­
naceous, laminated, ripple marks 12 ft be­
low top; very thin- and thin-bedded, fine­
grained, calcareous sandstone beds through­
out; sandstone contains carbonaceous flakes 
and trace of glauconite; thin (1 in.) ben­
tonite bed at base; weathers tan; forms 
s1ope « « «  31
3 Sandstone, arkosic, light gray, fine- to very
fine-grained (median diameter 0 . 0 8  mm), 
well sorted, silty, calcareous {22%), thin- 
bedded, grains subangular, trace glauconite,
limonite stain; arenaceous shale stringers
throughout; weathers buff; forms cliff. . 5 5
2 Shale and Sandstone, interbedded; same as Unit
if.; ripple marks 3 ft below top . . . . . . 68
1 Sandstone, feldspathic, gray to brownish-gray,
fine- to very fine-grained (median diam­
eter O 0O8 mm), well-sorted, silty, calcar­
eous {l±3%) 9 thick-bedded, grains subangular, 
trace of glauconite, limonite stain; weath­
ers buff to reddish-brown; forms ledge. . 15
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Feet
Total thickness of Mesaverde formation 254
 Transitional----
Mancos shale (Upper Cretaceous)
Shale, light gray, arenaceous, covered.
The following terminology, from McKee and Weir 
(1 9 5 3 ), is used to describe stratification in sandstones
of the Mesaverde formation in the written and graphic 
(Fig. 7* P« 30) stratigraphic sectionss
Bedding Term
>120 cm. (about 4 ft)
Thickness
very thick-bedded
120 cm. to 60 cm. (2 ft)
60 cm. to 5 cm. (2 in.)
5 cm. to 1 cm. (^ in.)
1 cm. to 2 mm.







LABORATORY STUDIES OP MESAVERDE FORMATION
The sandstone units of the measured section were sam­
pled and described in the field. The samples were examined
under the binocular microscope to amplify field descriptions, 
and to determine the best approach for detailed analysis• 
Samples of the sandstone units were first digested in 
hydrochloric acid to determine the percentage of carbonate 
present, to remove the limonite staining and clarify the 
grains,, and to prepare the sample for disaggregation„ Die- 
aggregation was completed by rolling the samples, in water,
in a mechanical dlsaggregator, The samples were then sepa­
rated into grade sizes by shaking in a set of Tyler Standard 
Screen Scale Sieves. Sieve sizes were selected so that every 
other sieve corresponded with the size limits of the Went­
worth grade scale. The coarsest size grades with a workable 
amount of sample were divided into light and heavy mineral 
fractions by separation with bromoform. Cumulative curves
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were plotted from these size data, and quartile measures 
(Krumbein and Pettijohn, 1938, p Q 228-239) determined from 
the cumulative curves. Descriptive terms for sorting coef­
ficients are after Trask (Krumbein and Petti John, 1938, p. 
232). The percentage of quartz and feldspar in the light
mineral fractions was determined by staining (Gabriel and
Cox, 1929). Terminology for description of grain surface 
textures is after Krumbein and Pettijohn (1938, p. 306-308), 
The very fine sand size of each sample was divided into
light and heavy mineral fractions by separation with bromo- 
form. Heavy minerals in this size fraction were identified 
with a petrographic microscope, and relative abundances 
determined. The heavy minerals are uniform throughout the 
section, differing only in relative abundance. The heavy 
minerals identified are described below.
Garnets colorless to pale pink, isotropic, clear,
equidimensional to elongate, angular, polished, 
rough, pitted (some grains show dodecahedral form).
Tourmaline, var. 15 dark brown, dark green, olive- 
green, pleochroic, uniaxial -, equidimensional 
to prismatic, subrounded to rounded (some rounded 
grains are broken), polished, smooth.
Tourmaline, var. 2 dark blue to pink, pleochroic, 
uniaxial -, prismatic, angular to subangular, 
polished, smooth, some grains have bubble in­
clusions .
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Zircon; colorless, clear, uniaxial + , polished, smooth, 
var. 1 ; prismatic, subangular, some grains eu- 
hedral, and some are inclusions within quartz 
grains.
var. 2 ; equidimensional, rounded
Magnetite; opaque, black, metallic luster, equidi­
mensional, subrounded, rough, pitted.
Hematite; opaque, black to dark red, metallic luster, 
irregular shape, rough, pitted.
A trace of muscovite and biotite were present in the 
heavy mineral fraction. These were removed before making up 
heavy mineral slides.
Relative abundance of heavy minerals, used in the 
following analyses, ares
Thin-sections were also prepared and described for 
each sandstone unit.
Sandstone names were determined from classification 
diagrams by Pettijohn (1957, table 1+8, p. 2 9 1 ) , Krumbein
and Sloss (1951, Fig. 5-8, P* 130), and Williams, Turner, 
and G-ilbert (1955, Fig. 97, p. 293). The names are basic­
ally the same for all three classifications.
Shale units of the measured section were sampled and










35 - 55$ 
15 - 35$ 
5 - 1 5 $  
< 5 $
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binocular microscope to amplify field descriptions„
Data from the laboratory studies of the sandstone units 
are tabulated below.
Unit 1
Per cent carbonate: l±3%
Figure ll|_, p. 99 shows the cumulative curve for the 
size analysis.
Quartile measures:
Median diameter (Md) : CKO83 mm
Third quartile (Q3) s 0 o093 mm
First quartile (0,1) s 0o071 mm
Sorting coefficient(So): 1.15
-well sorted sediment
Quartz - feldspar percentages:
Quartz: JQ%
Feldspar: 22%
Description of grains: equidimensional to elon­
gate, angular to subangular, polished, rough, pitted, 
some feldspar grains show cleavage faces.
Heavy mineral analysis:
Relative abundance of heavy minerals:
G-arnet: Abundant
Tourmaline: Common
var. 1: Abundant, of total tourmaline
var. 2: Common, of total tourmaline
















Texture: clastic, fine- to very fine-grained,
angular to subangular, equidimensional to 
elongate, well sorted, few grain boundaries 
touching.
Rock name: Calcareous feldspathic sandstone or
calcareous feldspathic arenite.
Unit 3
This unit contains two prominent sandstone outcrops 
separated by about five feet of arenaceous shale„ Each 
sandstone was sampled and analyzed separately, but because 
of lithologic similarity, they were combined into a single 
unit. Analyses for both sandstones of Unit 3 are tabulated 
Lower sandstone 
Per cent carbonate: 22$
Pig. 15, p . 99 shows the cumulative curve for the 
size analysis.
Quartile measures:
Median diameter (Md): 0.09 mm
Third quartile (Q3): 0.11 mm
First quartile (Ql): 0.07 mm
Sorting coefficient (So): 1.25
-well sorted sediment
Quartz - Feldspar percentages:
Quartz: 70$Feldspar: 30$
Description of grains: equidimensional to
elongate, angular to subangular, polished, rough, 















Figure l£ ♦ Cumulative curve for Unit 3 (lower)
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Heavy mineral analysis:
Relative abundance of heavy minerals:
G a m e  t: Abundant 
T ourmaline: Sc arc e
vara 1: Abundant, of total tourmaline
var, 2: Common, of total tourmaline
Zircon: Common
var, 1: Flood, of total zircon
var, 2: Rare, of total zircon
Hematite: Rare
Thin-section description:
Mineralogical composition Approx, %











Limonite - staining around all grains
Texture: clastic, fine- to very fine-grained,
silty, angular to subangular, equidimension­
al to elongate, moderately well sorted.
Rock name: Arkose or arkosic arenite,
Upper sandstone
Per cent carbonate: 22%
Fig. 16, p. 102 shows the cumulative curve for the 
size analysis.
Quartile measures:
Median diameter (Md): 0.08 ram
Third quartile (Q3)s 0 . 0 9 8 mm
First quartile (Ql): 0,066 ram
Sorting coefficient (So): 1.25
-well sorted sediment
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Quartz - Feldspar percentagess 
Quartzs 67%
Feldspars 33%
Description of grains? equidimensional to 
elongate, angular to subangular, polished, rough, 
pitted, some feldspar grains show cleavage faces.
Heavy mineral analysis?
Relative abundance of heavy minerals?
Gar ne t ? C oramon 
Tourmaline ? Abundant
var0 1? Abundant, of total tourmaline 
var0 2? Comiiion, of total tourmalin© 
Zircon, varQ 1? Common 
Magnetites Rare
Thin-section descriptions












Limonite - staining around all grains 
Texture? clastic, fine- to very fine-grained 
silty, angular to subangular, equidimensional 
to elongate, moderately well sorted.
Rock name? Arkose of arkosic arenite.
Unit g
Per cent carbonate? 22%
Figo 17* p« 102 shows the cumulative curve for the 
size analysiso
Quartile measures?


























Third quartile (Q3)s 0.09ii mm
First quartile (Ql)s 0 . 0 6 2  mm
Sorting coefficient (So)s 1.23
-well sorted sediment
Quartz - Feldspar percentages s'
Quartz s 70%
Feldspars 30%
Description of grainss equidimensional to 
elongate, angular to subangular, polished, rough, 
pitted, some feldspars show cleavage faces°
Heavy mineral analysiss
Relative abundance of heavy mineralss 
G-arne 11 Abundant 
Tourmalines Common
var. Is Abundant, of total tourmaline 
var« 2s Common, of total tourmaline 
Zircons Common
var« Is Flood, of total zircon 
var. 2s Scarce, of total zircon 
Thin-section descriptions









Limonite - staining around all grains
Textures clastic, fine- to very fine-grained, 
silty, angular to subangular, equidimension­
al to elongate, moderately well sorted«
Rock names Arkose or arkosic areniteo
Per cent carbonates 1S%




Median diameter (Md); 0.080 mm
Third quartile (Q3); 0,091 ram
First quartile (Ql); 0.065 ram
Sorting coefficient (So); 1.18
-well sorted sediment
Quartz - Feldspar percentages;
Quartz; 73%
Feldspars 27%
Description of grains; equidimensional to 
elongate, angular to subangular, polished, rough, 
pitted, some feldspars show cleavage faces0
Heavy mineral analysis;
Relative abundance of heavy minerals;
G arne 12 Abund an t 
Tourmaline s Common
vara 1; Abundant, of total tourmaline 
var« 2; Scarce, of total tourmaline 
Zircon; Abundant
var0 1; Flood, of total zircon 
vap. 2; Scarce, of total zircon 
Thin-section descriptions











Limonite - staining around all grains
Texture; clastic, fine“ to very fine-grained, 
silty, angular to subangular, equidimension­
al to elongate, moderately well sorted„
Rock name; Arkose or arkosic arenite0
Unit 9
Per cent carbonate; 11%
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Fig. 19,p®106 shows the cumulative curve Tor the 
size analysis.
Quartile measures?
Median diameter (Md): 0.062 mm
Third quartile (Q3)s 0=069 mm
First quartile (Ql)s 0o050 mm
Sorting coefficient (So)? l o l 8
==well sorted sediment
Quartz - Feldspar percentages 2 
Quartzg 82^
Feldspars 18%
Description of grains? equidimensional to 
elongate, angular to subangular, polished, rough, 
pitted, some feldspars show cleavage faces.
Heavy mineral analysis?
Relative abundance of heavy minerals?
Garnets Rare 
Tourmaline g Abundant
var. 1? Abundant, of total tourmaline 
var. 2? Common, of total tourmaline 
Zircon, var. 1? Abundant
Thin-section description?












Limonite - staining around all grains
Texture? clastic, very fine-grained to silty, 
angular, equidimensional to elongate, mod­
erately well sortedo











i .04Di ameto r in mill i motors








Figure 19. Cumulative curve for Unit 9.
T-879 107
LIST OF WELLS 
Drilled on and near the Chromo anticline
This list was compiled from the following sources?
(1) Wood, et. al., 19^8, Oil and Gas Investigations 
Preliminary Map- 8l.
(2) Dane, 19i|8, Oil and Gas Investigations Preliminary 
Map 7 8 .
(3) Walker and Bass, 1951? Oil and Gas Investigations 
Preliminary Map OM 116.
(4) Barb, 1946, Selected Weil Logs of Colorado.
(5) Wengerd, 1954? T*16 Oil and Gas Fields of Colorado.
(6) Bieberman and Crespin, 1955? Index to samples from 
oil and gas well tests in library at Socorro, New Mexico.
(7) Well sample collection, Colorado School of Mines, 
Golden, Colorado.
(8) Petroleum Information completion cards.
(9) Available electrical logs.
(10) Well location map, radioactivity and sample logs 
of wells in the Chromo field supplied by Great Western 
Drilling Company.
(11) Records of the Colorado State Oil and Gas Conser­
vation Commission.
Numbers in the left-hand column refer to well loca­
tions on Plates 1 and 2.
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WELLS DRILLED WITHIN MAPPED AREA
HOo Well NOo Company Location Elevo To Do Deepest
- F a u n _________    _____ Fm0 Pen0
1 Jo Go Xgudcio SW-26-33N-1W 3500
2 No-MeXc. Lumber CooSW”19“33N”lE 1800 Km
3 1 Caulk Sherwin-Cochran SE-27-33N-1E 7509 953 Kd
4 1 GoTto Yo Lo Wheeler SW-28-33^-11 7677 1265 Jm
5 5 Simms Yo L0 Wheeler SE-28-33N-1E 7580 860- Km?
6 8 Simms Yo L  Wheeler SE~28»33N-1E 7596 910 Kd?
7 1 Federal Steams S15»32-33N-1E 7692 1576 Jm
8 3 Simms Y» Lo Wheeler? NS“33~33N“1E 7607
9 4 Simms Yo Lo Wheeler? HE-33“33N-1E 7566 665
10 2 Simms Yo Lo Wheeler? NE-33-33N-1E 7571 700
11 1 Simms Yo Lo Wheeler 3>^3N-ie 7562 650
12 12 Fitzhugh/Teaguec, et« al0 **E-33-33N~lE 7523 1212 Jm
13 1 Simms Oriental NE“33“33N™1E 7586 720
14 13 Fitzhugh/Teague NE~33-33&~1E 7469 890 Kd?
15 4 Fitzhugh /Oriental NE-33-33N-IE 7502 590 Km
16 3 Fitzhugh /Oriental NE“33“33N-1E 7492 589 Km
17 1 Fitzhugh /Florance-Teague SE~33~33N~1E 7473 471 Km
18 18 Fitzhugh Teague»et oalo SW-33-33N-1E 7534 990 Kd
19 8 Fitzhugh LoEo league SE-33-33N-IE 7493 890 Km
20 2 Fitzhugh Oriental SE-33-33N-1E 7477 648 Km
21 15 Fitzhugh Teague etoalo SE-33-33N-1E 7503 721 Km












NOo Well Noo 
-Farm
Company Location EleVo To Do Deepest
Ffflo Peno
Remarks
23 XA Fi t zhugh Oriental SE-33-33&-12 7464
24 7 Fitzhugh. LoE« Teague Se»33-33N-ie 7409 689 Km prodo
25 14 Fitzhugh Teague9etoaloSE«33“33N“1E 7502 748 Km prodo
26 2 Fitzhugh
i
Teagues et«alosE“33~33W“1e 7459 608 prod.
2? 11 Fitzhugh SE“33“3 ^ “lE 7442 837 prodo
28 1 Fitzhugh Teague SW”33“33N”1E 7649 1210 Kd
29 16 Fitzhugh LoEo Teagu© KE“33"33N-1E 7520 791 Km
30 19 Fitzhugh Great Wesi&rfc SE-33-33&-H 7449 658 Km
31 3 Fitzhugh Lo Eo Teague SE“33“33N~1E 7446 608 Km
32 4 Fitzhugh Lo Eo Teague SE-33-33^“lE 7463 598 Km
33 5 Fitzhugh Wheeler & Oriental SE“33“33N-1E 7441 828 Kd
34 1 Teague Fitzhugh &Teague SW“34“33^“1E 7398 758 Jm oil show
35 1 Fitzhugh Chromo Oil & Gas SW-34-33N-1E 7410 320 Km
36 6 Simms Yo Lo Wheeler SW-34-33N-1E 7459 215 Km
37 1 Crowley Male© Oil <56o CWJ-2-32EI-XE 400 Jm? 0 & g show
38 1 Crowley Kendrick SE~ 2-32N-1E 2150 pS?
39 4 Ewell Schula & Stone HW- 3-32N-1E 7343 558 Kd?
40 1 Fitzhugh Male© Ref in o NE“ 3»32N“1E 565
41 2 Qsterhoudt SW- 3-32N-1E 7311
42 3 Osterhoudt SW“ 3“32N-1E 7316
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No<, Well NOo 
“Pam




43 1 Osterhoudt SW- 3-32N-1E 7340
44 1 Floranee Mo JoFXo-ranee
NE- 4-32N-1E 7442 890 Kd
45 9 Fitzhugh. Lo EoTeague NE- 4-32N-1E 7424 515 Km prodo
46 20 Fitzhugh. Great Western NE- 4“32N-1E 7413 630 Km prodo
47 10 Fitzhugh Oriental NE- 4-32N-1E 7406 612
48 1 Ewell Oriental NE- 4-32N-1E 7401 892 Kd
49 2 Ewell Oriental NE- 4-32N-1E 7339 472 Km
50 2 Bramwell LoGoStearns NE- 4-32N-1E 7410 810 Kd
51 3 Ewell Schula-Stone NE- 4~32N~1E 7325 420 Km? prodo
52 1 Ewell Schula™Stone NE- 4-32N-1E 7337 Kd?
53 1 Shah an Floranee & Teague SE- 1-32N-1E 7328 140 Km
54 1 Ewell & 1 Shahan
Langerak
Ewell8 etoal,
SE- 4”32N-1E 7315 751 Kd? deepened?
55 1 Shahan Ewell SW- 4-32N-1E 7408 360 Km?
56 1 Bramwell Steams SW- 4-32N-1E 7393 736 Km
57 2 Ewell & 2 Shahan
Langerak
Swell SE- 4-32N-IE 7303 563
Km? deepened?
58 2 Shahan Teague SW- 4-32N-1E 7407 1013 Kd














62 3 Crowley Jo Ro Butler SE-11-32N-1E 7768 421 Km
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No, Well No, 
““Farm
Company Location EleVo To D< Deepest Remarks 
Fmo Peno





64 1 Gardner Sherwin-Jenkins NE-34~3^“1E 7567 1345 Jm?
65 3 Crowley Oil City Petroi0SE-ll-32N-1E 143 Km-Kd?
66 6 Crowley Oil City PetroloNW-12»32N-1E 234 Kd?
67 1 Crowley Phillips Oil Co0 NW-13-32N-1E 7672 1625 P0
68 6 Crowley Oil City PetroloNW”13-32N~lE 75
69 5 Crowley Oil City PetroloNW-13-32N-lE 50
70 K Crowley Oil City PetroloNE-14-32N-lE 325 Km
71 Cochran Oil Co0 NW-17~ 32N- IE
72 1 Shah an No Oo Yeakley NE- 7-32N-2E 7540 2575 Km
73 1 Crowley Jo Ro Butler SW- 8-32N-2E 7642 4110 Je
74 5 Crowley Jo Ro Butler SW-17-32N-2E 7713 1595
75 NW-18-32N-2E 567
76 2 Crowley Jo Ro Butler NE-19-32N“2E 7752 17a p6








DESCRIPTIONS OF IGNEOUS DIKE THIN-SECTIONS
The thin-section described below is from the dike in 
sec• 19, To 33 N., Ro 1 E »  The dike cuts Lewis shale and 
the Mesaverde formation within the mapped area. It extends 
about 3 miles beyond the northern edge of the area (Wood, 
eto ail., 191+8). Composition of the plagioclase feldspar 
was determined by means of the microlite method (Wahlstrom,
191*7, P. 71-73) o
Mineralogieal Composition Approx<» %
Plagioclase feldspar








Textures Holocrystalline, porphyritic, fine-grained, 
groundmass microcrystalline, pilotaxitic, 
and intersertalo
Calcite has replaced the phenocrysts, Is amygda-
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loidal, and fills the interstices among plagioclase 
laths. Plagioclase microlites make up the groundmass, 
along with some biotite and biotite (?) altered to 
chlorite. Some of the chlorite is also amygdaloidal. 
A few grains of anhedral quartz are scattered through 
the thin-section. Color in hand specimens greenish- 
black.
Rock names Lamprophyre* variety kersantite.
The thin-section described below is from the dike 
in seco 27, T. 33 No, R. 1 E» The dike cuts Mancos shale, 
and terminates against the Mesaverde formation outcrop0 
The dike is about one-half mile long.
Mlneralogical Composition Approx. %
Cryptocrystallipe groundmass 40
Calcite 30
Chlorite 13Biotite 9Chalcedony (?) 5Leucoxene 2
Ilmenite 1
Textures Holocrystalline, porphyritic, fine-grained,
groundmass cryptocrystalline and microcrystalline, 
intersertal.
Calcite and chlorite have replaced phenocrystss 
calcite also occurs throughout the groundmass.
Biotite and biotite (?) altered to chlorite make 
up the microcrystalline portion of the groundmass.
Specks of ilmenlte were formed during alteration of 
biotite (?) to chlorite % these were subsequently 
altered to leucoxene. Color in hand specimens 
greenish-blaek.
Rock names Biotite lamprophyre.
Since the mineralogical composition of the ground­
mass cannot be determined by thin-section analysis, 
no variety name can be assigned. The dike is an altered biotite lamprophyre.
